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ATTENTION SECTION PROGRAM 
COMMITTEE CHAIRMEN 


The records and slide film “Sight- 
seeing Quality Control in New Eng- 
land”, made available for section 
programs by the New England Qual- 
ity Control Convention Committee 
following its initial showing at the 
1949 ASQC Convention in Boston, 
has met with such popular demand 
that a new, duplicate set has been 
made up to replace the original one, 
now worn out by use. 


Section program chairmen desir- 
ing to use this film may do so as 
outlined below. The film will be 
scheduled on a first come, first 
served basis. It has proved useful 
for a pre-meeting “coffee talk’, for 
a naturally split regular program, 
or as a feature in an educational 
series. Despite the fact that it re- 
flects plant conditions in 1948-49, 
conditions that have experienced 
much progress since then, the pic- 
ture nevertheless still presents an 


interesting story 


The film is in the form of a trav- 
elogue with a “tour-master”’ de- 
scribing the scenes. It is an arm 
chair method of visiting several New 
England plants, showing in a non- 
technical way what SQC is doing in 
plants that have put this tool to 
practical use. It “cases” diversified 
industries and situations to help 
overcome the objection that “SQC 
isn’t any use to us.” The film covers 
sampling, control chart, frequency 
distribution, 
scrap saving applications with scenes 
in receiving, manufacturing, inspec- 
tion, assembly, shipping, 
‘ries, and conference rooms, and with 


instrumentation, and 


laborato- 
locale ranging from job shops to 
mass production. It requires 40 
minutes for showing, and when 
combined with a short talk from a 
quality-minded management speak- 
er, constitutes a most effective pro- 
gram for selling SQC to industrial 


personnel at all levels 


Arrangements for scheduling the 
film may be made by writing to 
C. W. Kennedy, Federal Products 
Corp., 1144 Eddy Str., Providence, 
R. Il. Send with the application a 
check for $10 made payable to the 
New England Quality Control Con- 
ference Committee. Records, films, 
and instructions will be shipped 
Parcel Post from Joe Cifre, Inc., 44 
Winchester Str., Boston, Mass., and 
must be returned via Parcel Post to 
him promptly after the meeting. A 
combination phonograph, speaker 
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\Il ANY more wires can be crowded into 
a cable sheath when the wires are fine. 
But normally, wires don’t transmit as 
well when they are fine and closely 
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them with inductance coils at regular 
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ATTENTION SECTION PROGRAM 
COMMITTEE CHAIRMEN 


The records and slide film “Sight- 
seeing Quality Control in New Eng- 
land”, made available for section 
programs by the New England Qual- 
ity Control Convention Committee 
following its initial showing at the 
1949 ASQC Convention in Boston, 
has met with such popular demand 
that a new, duplicate set has been 
made up to replace the original one 


now worn out by use. 


Section program chairmen desir- 
ing to use this film may do so as 
outlined below. The film will be 
scheduled on a first come, first 
It has proved useful 
“coffee talk’, for 


program, 


served basis 
for a pre-meeting 
a naturally split regular 
or as a feature in an educational 
Despite the fact that it re- 
conditions in 1948-49, 
have experienced 
then, the pic- 


series 
flects plant 
conditions that 
much progress since 
ture nevertheless still presents an 
interesting story 

The film is in the form of a trav- 
elogue with a “tour-master” de- 
scribing the scenes. It is an arm 
chair method of visiting several New 
England plants, showing in a non- 
technical way what SQC is doing in 
plants that have put this tool to 
practical use. It “cases” 
industries and situations to help 
the objection that “SQC 
” The film covers 
frequency 


diversified 


overcome 
isn’t any use to us. 
sampling, control chart, 
distribution, instrumentation, and 
scrap saving applications with scenes 
in receiving, manufacturing, inspec- 
tion, assembly, shipping, laborato- 
ries, and conference rooms, and with 
ranging from job shops to 
mass production. It requires 40 
minutes for showing, and when 
combined with a short talk from a 
quality-minded management speak- 
er, constitutes a most effective pro- 
gram for selling SQC to industrial 
personnel at all levels 


locale 


Arrangements for scheduling the 
film may be made by writing to 
C. W. Kennedy, Federal Products 
Corp., 1144 Eddy Str., Providence, 
R. I. Send with the application a 
check for $10 made payable to the 
New England Quality Control Con- 
ference Committee. Records, films, 
and instructions will be shipped 
Parcel Post from Joe Cifre, Inc., 44 
Winchester Str., Boston, Mass., and 
must be returned via Parcel Post to 
him promptly after the meeting. A 
combination phonegraph, speaker 


4 








Industrial Quality Control] 





Vol. VII MARCH, 1951 No. 5 
Sight-Seeing Quality Control in New England 4 
Additional Continuous Sampling Inspection Plans 
Some Legal Aspects of Sampling 
rrank k K enre 12 
Determining Conformance _ 2 ea for Lot Averages 
> and Paul Kaufmar 18 
Notice \ ena id ocahik ts aia Ran 21 
Synopsis of the Fifth Annual a Convention 
PS PED... 5... oc envidba dates’ 22 
Auxiliary Program Features .... 26 
Cleveland—The Convention City . 27 
Preview of Convention Exhibits 28 
Quality Control at Talon, Incorporated 
tuart r aL nh, er ar iD Lehn Ti 32 
Confidence Intervals 
Effect of Sample Size on Estimating Population Percent 
Defective from Samples 
5B Altn 38 
Practical Aids Department, [ R. Ott, Edit 
Operating Characteristics of R Charts 
Book Reviews 
AC. Coher 4] 
Bibliography Department 
Joseph Movshin, Ed 43 
American Society News 
Important Notice ............ 46 
Hold-Over from January — News 46 
Membership Report 46 
March Cover Picture ........ a 
Notice—Section Secretaries 4 
Classified Advertisements 
Consulting Services 46 
Positions Available ~ 


Position Wanted 





Industrial Quality Control is published bi-monthly by the American Society for Quail! 
Entered as second class matter September 18, i 
Yearly subscription $3.00; non-members $6.00. Office of public: 


Control, Inc. 
Milwaukee, Wisconsin. 


1950, at the 


239 East Chicago Street, Milwaukee, Wisconsin. Headquarters office, 22 East 40th Street, 


York 16, New York 


and slide film projector, such as 
the Explainette #300, made by the 
Operadio Manufacturing Co., must 
be rented locally to handle the films 
and records. 


All correspondence concerning 


“sightseeing” 
to Mr. Kennedy. 


Post Office 


uor 


New 


should be addressed 
Present demané 


indicates that the Committee should 


have at least a month’s notic 
schedule a free date for you. Bette 


write soon! 
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4 
7 1. SCOPE ; — ‘ 
START inspect 100% of units consecutively until i units 
= 1 - , in succession are found clear of defects 
[his paper supplements an earlier paper! and gives 
? ‘wo continuous sampling inspection plans designated When i units in succession are folind clear of defects 
CSP-2- and CSP-3 which are modifications of a ran- miocest Sane 100% insp., and inspect only a fraction f of the units, | 
. . . - — . ‘ selecting individual sampl ts on t ti : h | 
iom-order sampling inspection plan presente d in that of product, in such a manner as to eccure an whieee® aula, 
8 er. For purposes of identification the earlier plan > 4 
ag : , a 7 ; , When a defect is found 
ll hereinafter be designated CSP-1. All of these plans ; , j 
: , 24s Cont inue ling, but t of the num ] 
e intended for application to a product consisting of ~~ “teaitel sh tele is ae 
. . . . . . 7 = = I 
ndividual units and manufactured in quantity by an ] : 4 
2 ‘ A : 44 her @ : ee If no defect is found If a defect is found in the 
ssentially continuous process. Other continuous sam- in the next k units inspected next k or less units inspected 
6 ng inspection plans have been published by Wald ue wy are 
: He Continue sampling unti f = ; ) 
7 nd Wolfowitz. lthe next defect is found.| [Revert to 100% inspection | 
Plan CSP-1 requires reversion to 100% inspection < _ 
8 henever a defect is found during sampling inspection. Figure 1—Precedure for Plan CSP-2 
. . j * an) 
Plans CSP-2 and CSP-3 remove this feature and instead ; 
? ll! for such reversion to 100% inspection only when spection until i units in succession are found 
‘ . . . > al 
ne defect falls too closely on the heels of another dur- shee at ialeain 
. . . . c ~~ 
g sampling inspection, that is, when theis egg om (b) When i units in succession are found clear of 
5 smaller than a prescribed minimum spacing. Thus defects, discontinue 100% inspection, and in 
> . c . - a 







e additional plans permit one or more defects during 
ampling inspection, the number of permitted defects in 
ny instance depending on the quality of the product 
nd the spacing of defects. Compared with correspond- 
ng CSP-1 plans (same AOQL and same percentage 
sampling), these plans carry a higher risk of accepting 
short run of product of abnormally poor quality, as 





spect only a fraction f of the units, selecting 
individual sample units one at a time from the 
flow of product, in such a manner as to assure 







an unbiased sample. 
(c) When a sample unit is found defective, con- 
tinue sampling, but keep count of the number 















, 1 in Secti 93 of units inspected after finding the defect. 
xplained in Section 2.3. . 
oe (1) If a defect is found in the next k or less 
Plan CSP-2 may be applied in the same manner as sample units, revert to 100% inepection 
- . . . < ; Ie ver { ¢ . Cc 
) an CSP-1. Plan CSP-3* introduces a specific refine- t mueseniing walls per sernarenls On) 
- : ort succee : *r pare "é a). 
ent in the procedure of plan CSP-2 and is applicable ~— o eral ‘ 
“thy : a (2) If no defect is found in the next k sam- 
) the inspection of a product comprising a flow of indi- ; 
ple units, continue sampling until the 
idual units (such as on a conveyor line) when single OP NC ROE INE WE i EON WO 
. ex Tec Slo i anc Se + »¢ ‘O- 
inits are selected one at a time. It provides extra pro- mitogen a“ by iaias f = 
: hag ce ‘e star a e beg y of para- 
tection against surges of highly defective product by - 





graph (c). 

Notify the responsible operator, if de- 
terminable, or the interested operating 
and inspection supervisors, whenever 





alling for the inspection of four additional sample units ate: 
vhenever a defect is found under conditions that do not ; 
equire reversion to 100% inspection. 

The present paper gives the procedures of plans 
CSP-2 and CSP-3 corresponding to Procedure A given 
n the earlier paper! for the inspection of a flow of indi- 









defect occurrences indicate actual or po- 






tential trouble in process. 





| vidual units. It provides a chart of AOQL curves ap- 2.2 General Features 
! licable to plan CSP-2 for one choice of the arbitrary aera P A 
) ' Plan CSP-2 differs from Plan CSP-1 in that, once 






mstant k, namely, for k = i. The mathematical rela- 
tions underlying the theory of plan CSP-2 are given in 
the Mathematical Appendix. 





sampling inspection is started, 100% inspection is not 
invoked when each defect is found but is invoked only 
if a second defect occurs in the next k or less sample 
2. PLAN CSP-2 units. In other words, if two defects observed during 
sampling are separated by k or less good inspected units, 
100% inspection is invoked. Otherwise sampling is con- 








2.1 Procedure—See Figure 1 
(a) At the outset, inspect 100% of the units con- 
secutively as produced and continue such in- 






tinued. 
The factor k is a general factor which may theoreti- 
cally be assigned any value whatsoever. Studies to date 





have not been carried far enough to appraise the rela- 
tive advantages of different values of k; hence for the 





‘Presented at the Third Annual Convention, ASQC, Boston, May 5 
49. Numerals indicate references given at end of paper 
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or r = t t —y -—— TP 
t+ CONTINUOUS SAMPLING PLANS => ‘t 
| — CSP-2 (k=i) cE i 
IN %l. 





in £ = the value of per cent defective in a consecutive run of N = 1000 
product units for which the probability of acceptance, P,, is 0,10 
for. a eample of f%. (For CSP-2, indicated p 
for CSP-l, Pe is a unique value, constant tok all values of i.) 


meee. nie) Bo | abd 


is a maximum value; 





Pp In % 





as ee ee fi 





ie #2." = $$$ SSS SSSes 5: 





, CSP-2 csp. 





4 
ool 
Tr: 


a 














7 




















os 











1 
i 

















Saeed $536 ee 


Uae 
r 
r 





2 
} fe 
2 | SEBS £5553 1950 aha Gaui aes — j 





a 





iF 2 





2 — > 





- 






































































































































' ' 
~ $e chee 




















\ 





















































i i 


| 
+. 





























3 BSSSS SSSSt PSSSS $5581 [EH fF 


+ 
\ 
\ 
80 


200 300 400 


A 
600 800 1000 


i, NUMBER OF UNITS 


Figure 2—Curves for Determining Values of f and i for a Given Value of AOQL 


To find intermediate or larger values of i for a given f, compute from 


i; /ig = (AOQL)./ (AOQL ) ;, approximately. 


present only one CSP-2 plan has been prepared for use, 
namely, one in which k = i. Further studies may indi- 
cate the desirability of providing plans and AOQL 
curves for other values of k. (Such curves may be de- 
rived from equation (11) given in the Mathematical 
Appendix.) 

For k= i, Figure 2 gives curves for determining 
values of f and i for a given value of AOQL. On this 
chart are shown, for purposes of comparison, the cor- 
responding curves for Plan CSP-1. It shows that i is 
increased for given values of AOQL and f; for example, 
for AOQL = 3%, and f= 5%, if k) is 64 for Plan 
CSP-2 whereas i = 50 for Plan CSP-1. 

i 

Figure 3 shows a comparison of characteristic curves 
for three CSP-2 plans and the corresponding CSP-1 
plans, having the same AOQL and f values. The curves 
show that a larger proportion of total product is accepted 
on a sampling basis by CSP-2 plans when the incoming 
percent defective is less than 1.5(AOQL), approximate- 
ly. Likewise it can be shown that the average fraction 
of total product units inspected in the long run, includ- 
ing both sampling inspection and 100% inspection, is 
somewhat less for CSP-2 plans than for corresponding 
CSP-1 plans when the incoming percent defective is less 
than some multiple of AOQL which varies with f: for 
example, the multiple is approximately 2.0 for f = .20 


8 


and 1.5 for f= .05. For Kigher levels of p, Plan CSP-? 
requires more inspection than Plan CSP-1. 
2.3 Protection Against Spotty Quality 

The p, curves of Figure 2 provide a guide with re- 
spect to the protection afforded against spotty qualit; 
in a continuous run of product. The aim has been t 
indicate the maximum value of percent defective (p,! 
in a homogeneous segment of N = 1,000 consecutiv 
product units for which the probability of acceptan 
by sample is 0.10 for a percentage sample equal to t! 
corresponding f value shown in the chart. This cannot 
easily be done, however, except for restricted conditions 
Here consideration is given to the situation where 
1,000-unit segment of quality p, makes its appear 
during the course of sampling inspection. If, in a per 
of sampling, just prior to the appearance of the p 
quality segment of 1,000 units, there was a run of 
more sample units clear of defects, then the value 
would be a maximum, corresponding to the values 
shown on the curves. On the other hand, if in a p: 
of ‘sampling, just prior to the appearance of the | 
quality segment of 1,000 units, the last sample unit was 
a defective unit, the value of p, would be a mini! 
and, for {N<k, is equal to that given for Plan CSP-! 
In any specific instance the value of p, for which t! 
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TABLE I 





Comparison of the Expected Value of p, 
With Min. and Max. Values of p, 
Percent Defective 
N = 1000 N 
: Min. 
3.0 
3.0 


3.0 
3.0 


Immediately Preceding 
Process Average 
Percent Defective 

= 2000 





ax. 


AOQL ok =i in. Expected | M: 








~ 


(A 
1.5 (1/2 AOQL) 6.5 
3.0 (AOQL) 4. 5.8 
4.5 (1-1/2 AOQL) ' 5.3 
N = 1000 
6%, f = 10%, k i; in. | Expected 


~j] +] +] «) 
Yoru 


~ 





Expected 


0 | a. 5.0 5. | 8.3 
3.0 (1/2 AOQL) 4.8 78 
6.0 (AOQL) 4. 46 74 
9.0 (1-1/2 AOQL) | 45 | | 71 

















‘Value given by Figure 2. 


of 1,000 consecutive units each, becomes quite poor if 


907% 


probability of acceptance is 0.10, will depend on the 
f is less than 2%. 


remoteness of the last defective unit found in the pre- 
ceding sample units, the worst situation corresponding 


to the value of p, on the curves shown for Plan CSP-2. 2.4 Selection of Sample Units 


Random selection of sample units is assumed, but 
any method that will approximate randomness should 
be satisfactory. It is noted that the theoretically best 
method of sampling would be to select at random one 
unit from each segment of 1/f product units: for exam- 
ple, one unit at random from each segment of 20 units 
on the line if f= .05. Selecting equally-spaced sample 
units, say every 20th unit for f = .05, should be avoided 
if foreknowledge of such a procedure or periodic factors 
in the manufacturing process would tend to give a biased 


Some idea of the variation in the risk involved is 
given in Table I which shows values of p, for different 
values of process average quality just prior to the ap- 
pearance of the poor-quality (p,) segment of N units. 
This table shows that the value of p, depends on the 

umber of units, N, in the segment under consideration 
nd the immediately preceding process average value 
is well as the sampling plan. 

In application it would probably be well to use the 
alues of p, shown on the curves, recognizing, however, 
at for N= 1000 there will usually be a margin of 
afety depending on the quality of product just prior 

the appearance of the segment of bad quality. It is 
seen that the p, for Plan CSP-2 may be considerably 
gher than that for Plan CSP-1, tending under unfa- 
vorable circumstances to be more than 75% higher when 
lefect is allowed, about 100% higher when 2 defects 


sample. 


2.5 Effect of Selecting Group Samples Rather Than One 
Unit at a Time 


The basic plan assumes selection of individual sam- 
ple units one at a time from the-flow of product and 
may be allowed, and more than 400% higher when as immediate examination of a unit to determine whether 


many as 15 defects may be allowed in the sample of fN or not it is defective. Deviations from this procedure 
will tend to give values of AOQL higher than those 


ts. 

The p, curves indicate that the protection against 
potty quality falls off very rapidly as f is reduced and 
that the protection, considering poor-quality segments 


r 
°o 
=) 


' CSP- 1 PLAN 
| —— CSP-2 PLAN 
(k =i) 


<T 


TA 
CEPTED ON A SAMPLING BASIS 


ROL 


F 


TK 


\ 
. j 


AOQL = 1% AOQL=3% 
f = 40 f=.05 
’ ‘ 


ENT oF 
n co 
So i?) 


Pra 
A 





6 8 10 
INCOMING PER CENT DEFECTIVE 


o2 


Figure 3—Characteristic Curves of Three Corresponding 
CSP-1 and CSP-2 (k = i) Plans 
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shown on Figure 2. 

As has been indicated,® the effect on the theoretical 
AOQL value resulting from the selection of group sam- 
ples should not be large 

(a) if group samples of 10 or less are drawn from 

the line, and 

(b) if k =i=50 or more 
provided there is no delay in examining the group sam- 
ples drawn from the line. It is recommended that, in 
general, group samples of not more than n = 5 be used. 
A group sample should, so far as practicable, comprise 
individual units selected on a random basis rather than 
5 consecutive units 


3. PLAN CSP-3 


3.1 Procedure—See Figure 4 


(a) At the outset, inspect 100% of the units con- 
secutively as produced and continue such in- 
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spection until i units in succession are found 
clear of defects. 

(b) When i units in succession are found clear of 
defects, discontinue 100% inspection, and in- 
spect only a fraction f of the units, selecting 
individual sample units one at a time from the 
flow of product, in such a manner as to assure 
an unbiased sample. 

(c) When a sample unit is found defective, 


inspect the next 4 units. If 
a defect is found in the 4 
units, revert to 100% in- 
spection of succeeding units 
per paragraph (a). If no de- 
fect is found in the 4 units, 


Except for this 
added part, 
Plan CSP-3 is 
the same as 
Plan CSP-2. 





continue sampling, but keep count of the num- 

ber of units inspected after finding the defect. 

(1) If a defect is found in the next k or less 

sample units, revert to 100% inspection 

of succeeding units per paragraph (a). 

(2) If no defect is found in the next k sam- 

ple units, continue sampling until the 

next defect is found, then repeat proce- 

dure starting at the beginning of para- 
graph (c) 

Note: Notify the responsible operator, if de- 
terminable, or the interested operating 
and inspection supervisors, whenever 
defect occurrences indicate actual or po- 
tential trouble in process. 


3.2 General Features 


As mentioned in Section 1, Plan CSP-3 can be con- 
sidered as a refinement of Plan CSP-2 to provide extra 
protection against highly defective quality, for example, 
a sudden systematic fault in process involving a very 
high percent defective, say 20%, 50%, or more. It pro- 
vides a natural step that a cautious inspector might 
ordinarily take when inspecting for relatively serious 
defects, just to be sure that he was not overlooking 
something important. It is intended for use where there 
is felt to be need for special precautions against such 
occurrences. It is applicable to cases where the sampling 
procedure involves selecting sample units individually 
one at a time from the production line. 


In applying Plan CSP-3, the curves of Figure 2 may 
be used as an approximation for determining values of 
f and i for a given value of AOQL. The k i values are 
equal to those for CSP-2 when AOQL is less than 2% 
and are less than those for CSP-2 by no more than 2 
units when AOQL = 10%. Thus the effect of using Fig- 
ure 2 for CSP -3 for the larger values of AOQL is to give 
ictual AOQL values slightly smaller than the charted 


ilues. 


MATHEMATICAL APPENDIX 


Scove 


This Appendix gives mathematical relations and 
equations for Plan CSP-2. 

The following definitions and Equations (1)-(5), (7), 
(8) are given in the article: H. F. Dodge, “A Sampling 
Inspection Plan for Continuous Production,” The Annals 
of Mathematical Statistics, Vol. XIV. September, 1943. 
The primed equation numbers indicate that they are 
similar to other equations with the same number. 
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— Inspect 100% of units consecutively until i units] 
START 7 ___inm succession are found clear of defects _ 


When i units in succession are found clear of defects 
I 
Discontinue 100% insp., and inspect only a fraction f of the unit 


selecting individual sample units one at a time from the flow 
of product, in such a manner as to assure an unbiased sample, 
+ 





> 


When a defect is found - | 


> I 
Inspect next 4 units 
y iL 





—_ ~ 
If no defect is If a defect is 
‘- . found in & units found in & units | 
: ; | 
Continue sampling, but keep count! ie a 
of the number of units inspected Revert to 100% 





after finding the defect inspect ion 
. lL 
f ' a 
If no defect is found If a defect is found = 
in the next k sample in the next k or less } 
units inspected sample units inspected 
l , J 


Continue sampling “unt il | 


the next defect is found. inspection. 





Revert to 100% | 





> —< 





Figure 4—Procedure for Plan CSP-3 


Definitions 


O =a nondefective unit, 
X = a defective unit, 
O/X = a terminal-defect sequence of j+1 units 
(counting forward). 
pq! = probability of occurrence of a terminal-defect 
sequence of j+1 units, when 
p = fraction defective, and 


q = 1-p. 
Equations for 100% Inspection 
j=i-1 
(1) P,=p = q = 1 -— qd! = probability of a 
j=0 


failure sequence, or terminal-defect se- 
quence of i or less units, 

(2) Q,=q probability of passing sequence 
or a terminal-defect sequence of more 


than i units. P; ~ Q,; = 1. 
P 
(3) G=Q,(0 + IP, 2P,2 + 3P,3 + ...)= Q 
average number of failure sequences be- 
fore finding i units clear of defects. 
3*5-1 1 iol 
oon... iq 
(4) h=>, = (j+1)q=——- = averagt 
; P, j=0 ; p 1—q! 
number of units in a failure sequence. 
| 


average number of units 


(5) u = Gh, +i 
pq’ 


inspected on a 100% inspection basis. 





g=-Sritda' (i +. 2)q' 1 + (i + 3)q 
I 
] 
a 1 ! . . 
(6) g = — Tt i average number of units in a 
p 


passing sequence. 


Equations for Sampling Inspection 


(1’) P, = 1— q* = probability of a failure sequence 
a terminal-defect sequence of k or less 
units 


(2?) Q.=q* = probability of a passing sequenc¢ 
terminal-defect sequence of more than & 


(4) h, = —————— = average number of units 
i OE me 
a failure sequence 
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go = — + k = average number of units in a 


passing sequence. 
tions foi Average Outgoing Quality, AOQ, Values 
AOQ = p(1 — F) 


value. 


average outgoing quality 


u + fv , 
= ————= average fraction of total product 
uty 
units inspected in the long run, including 
both sampling inspection and 100% in- 


spection, 


where f= fraction of units inspected during sam- 
pling inspection, 


and v = average number of units passed during 
sampling inspection. 


Consider that the steps outlined in Figure 1, from the 
beginning of 100% inspection until it is reverted to 
ain, comprise an inspection cycle. The expected value 
if the total number of units inspected, for any given 
plan and p value, may be found by considering the 
number of units that would be inspected in all possible 


y cles. 


Average Number Inspected 
in Such Cycles 


Probability of 
Possible Cycles 





QP. Q;:P2(g; + he) 

Q,Q.P, + Q,;Q.P2(g1 + g2 + hg) 
Q,Q.°P» + Q,Q2?P2(g1 + 2g2 + hy) 
Q,Q."P. + Q,Q.*P 2 (g; 382 + he) 











Sum of all terms for h,: 


P,Q, Poh, (1 + Q. + Q,? + ) 


 2P,°Q,Psh; (1 + Q, + Q,? ) 
+ 3P,°Q,Poh; (1 + Q, + Q.? +...) 





Sum of all terms for g.: 


Q,Q.Pogo(1 + 2Q. + 3Q.! ) 4 
PQ); Q.Pog.(1 + 2Q. + 3Q,.° ) 
P,2Q,Q-Pogo(1 + 2Q. + 3Q.2 +...) 
Q,Q.P. | 
2 Sg (1 +P, + Pi ) 
(1—Q,)? 


QQ, _@ 


a Se a. 
2“) Pp P 

Summing the terms for g, and h. gives 1 g, and 1 hy; 

t occur only once in any cycle. Thus 


Pi 


you fv 
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p(1—q*) 
= average number of units inspected on 
a sampling basis 





1 q , Y fond 
pq' p(1—q*) 


Then A == — 
eerie tit Nn ‘—<¢.,. 2° 
pq'  _ fp(1—q*) 


(1—f)a'(2— q*) for 
q') (1—q*) + q! (2—q*) J any k, 


(1 f)q'(2—q') 
or oj + (1—f)q'(2—q) when k = i 


It may be shown in the same way that 


(11) AO 
p a of Fa 


ad (1 — f)q' . 
A0Q = : for (CSP-1) or 
Q o| [Tt oe ait dows 
(1 — f)q'(2— q***) , 
A0Q = - 
Q Pl fd aq’) (l1—q***) + q'(2—q***) + 4fpa'aq' | 
for (CSP-3). 
AOQL = maximum value of AOQ for any given com- 


bination of f, i and k, found by trial and erro1 


Protection Against Spotty Quality—Equations for Find- 
ing p, Values for CSP-2 


Consider a finite sequence of N consecutive product 
units. This finite sequence is accepted on the basis of 
the sample of f{N units if any defects found are spaced 
k or more units apart. 





: Np! Nq! 
(12) P, = 2 Aaa > oan - ri = 
m=-o0 (Np—m)! (Nq—fN +m) N 


probability of accepting the finite sequence 
by sample, that is, the probability of pass- 
ing it without reverting to 100% inspection 
For a given condition, p, is the value of p 
for which P 0.10 (found by trial and 


error). 





In equation (12) A, = 1. It can be shown that for m>0 
the following equations for A,, give the maximum and 
ee 


minimum values of p, (see paragraph 2.3) for given 
combinations of f{N and k 


Vaximum value ({N > (m L)k m ) 


13) A <a 
n![f£N (n L)k 
c = largest integer < 'N~k 
] 
Vinim ? ( ie (f{N } ) 
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Some Legal Aspects of Sampling” 


FRANK R. KENNEDY 


College of Law, State University of lowa 


SAMPLING PUBLIC OPINION 


Another class of cases where 
courts have passed on the validity of 
sampling techniques is the trade- 
mark and unfair competition cases, 
where evidence of the results of polls 
of public preference, understanding, 
or attitude is being offered with in- 
creasing frequency.” I think it can 
be said that courts are admitting or 
at least considering such evidence 
with increasing frequency and re- 
spect. 

Objection has been sustained in at 
least two cases to the improper sam- 
pling employed in the taking of the 
poll.” In a judicial joust between 
two manufacturers of silver plated 
ware, Oneida and National Silver,’ 
both combatants offered surveys and 
both were bad for the same reason: 
plantiff’s survey to establish public 
familiarity with its silverware pat- 
tern was conducted in a community 
near its own manufacturing plant; 
defendant’s survey conducted to es- 
tablish public indifference or ignor- 
ance of plaintiff's claim of distinction 
was conducted in an area where 
plantiff’s competitors were concen- 
trated. In another case,” wherein 
one of the Lerner Dress Shop chains 
tried to stop the defendant, whose 
name was also Lerner, from oper- 
ating a new “Lerner’s” store in San 
Jose, the plaintiff sought to estab- 
lish that residents in the San Fran- 
cisco trading area referred only to its 
shops when they spoke of “Lerner 


*This is the concluding part of Professor 
Kennedy's per begun in the January 1951 
issue of Industrial Quality Control pp. 24-27 
and 30-31. 


* 
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Shops,” by interviewing passers-by 
in front of one of its own stores in 
San Francisco. Perhaps in neither 
of these cases should the method 
used be dignified by calling it sam- 
pling; nor was there a survey or 
poll, in the sense that professional 
pollsters and academicians engaged 
in opinion and attitude research use 
the terms. 

Sampling theory alone does not, 
however, according to these students 
of opinion and attitude surveys, pre- 
scribe what particular sampling 
methodology is most appropriate for 
a given problem; that is, a method 
found to be entirely suitable for one 
survey project may not be useful on 
another. George Gallup, in his syndi- 
cated articles on the A.I.P.O. Poll 
conducted in New York state pre- 
ceding the 1949 senatorial election, 
stated that the American Institute 
of Public Opinion was using three 
systems “To advance the general 
knowledge of survey procedures and 
to take advantage of lessons learned 
in the 1948 election polling.” 


The procedure used by most of the 
professionals in the past is popularly 
known as quota sampling but is 
more precisely designated quota- 
control-representative-stratified 
sampling. It is based on the theory 
that stratification, rather than ran- 
domization, should be the primary 
control factor. Thus, to insure that 
the sample will reflect in miniature 
the essential characteristics of the 
segment of population sampled, the 
population is broken down into sub- 
groupings or strata, and quotas are 
allocated to the interviewers. The 


interviewers are free to select the 
persons to fill their assigned quotas 
This method is designed to reduce 
the possibility of sampling error by 
providing an internal check on the 
precision of the sample, which must 
contain the same proportions of men 
and women, age groupings, economic 
classes, racial groups, etc., as exist in 
the total population or the universe 
being sampled. 

Another system, which seems to be 
preferred by the Bureau of the Cer 
sus and Government agencies gen- 
erally, is area or probability sam- 
pling, where the dominant principle 
of selection is randomization. This 
method finds its most advantageous 
use where the whole population is 
the universe rather than a particu 
lar segment, e.g., voters. Since every 
person has an equal chance of be- 
ing included in the sample, no check 
or adjustment may be made to in- 
sure the representative characte! 
the sample, except perhaps to in- 
crease the size of the sample in cas« 
of doubt. This methodology requires 
complete planning of the survey i 
advance by use of maps and census 
tracts, and specified areas or points 
e.g., city blocks, marked sections o! 
farm land, or houses, are designated 
for contact. Since the interviewer 
has no choice of substitution, repeat- 
ed attempts to contact persons desig- 
nated may be necessary. Privat 
polling enterprises have found the 
method more time-consuming am 
expensive than quota sampling. 


The third method referred to is 
pinpoint sampling, whereby all p« 
sons within the universe in a s 
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lected small area or a number of 
selected small areas are interviewed. 
The areas are likely to be conscious- 
ly selected on the basis of known 
past behavior or other reason. While 
not extensively tried heretofore, it 
has attained some success when used 
on a small scale. 

At a recent trial of litigation be- 
tween Campbell Soup Company and 
the Carnation Company as plaintiffs 
and Armour & Company as defend- 
ant, polling methods which depart 
from the area theory of sampling 
were sharply debated by expert wit- 
nesses. The plaintiffs were seeking 
to enjoin the defendant from using 
a red-and-white label on canned 
food products.” The plaintiffs had 
offered, and the court had admitted, 
over the defendant's objection, evi- 
dence of certain house-to-house sur- 
veys conducted by a market research 
The inter- 


empty cans 


firm in selected cities.” 
viewers had shown 
wrapped with red-and-white labels 
to interviewees and asked them 
whose product was being displayed. 
The evidence was offered to sub- 
stantiate public familiarity with 
Campbell’s and Carnation’s labels 
and to substantiate a case of trade- 
mark infringement and unfair com- 
petition by Armour & Company in 
using the red-and-white label 


Unable to keep the evidence out. 
the defendant brought in a market 
analyst, Wroe Alderson, to under- 
mine its reliability.“ He first at- 
tacked the variances as too great to 
permit reliance on the results. Aver- 
aging such wide differentials as 39% 
and 659%, he argued, was fallacious 
Perhaps there was faulty application 
of procedures; perhaps the sample 
was too small. But fundamentally he 
thought there was no indication of 
any awareness of experimental de- 
sign or the principles of scientific 
sampling in the planning of the sur- 
veys. No use was made of the null 
hypothesis. No differential associa- 
tion test was run to isolate the fac- 
tors of size of can, shape of can, and 
color and design of label. Conse- 
quently the test here attributed to 
the label alone the total effect of 
several forms of association. ‘The 
surveys were old-fashioned in that 
they allowed discretion in the selec- 
tion of interviewees. A _ scientific 
survey, he insisted, would have ran- 
domized the cities, blocks, and the 
persons to be surveyed. 

Dr. Norman G. Meier of the State 


University of Iowa a well informed 
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academician on sampling methodol- 
ogy as used in attitude and opinion 
surveys, prepared an answer to Al- 
derson’s charges, in which he insist- 
ed that the charges are not supported 
by research findings. The surveys 
used were, he stated, adequate for 
the purpose. No design of experi- 
ment was in order, the null hypoth- 
esis and chi-square tests of signifi- 
cance were not called for, inasmuch 
as the gross differences were large 
and not fine, and insistence on their 
use in such a setting was absurd. Dr. 
Meier’s studies, based on parallel 
surveys of the same universe by use 
of the quota and the area methodol- 
ogies, have indicated that the latter 
possesses no superiority over the 
“old fashioned” one, that indeed the 
quota method proved, in important 
respects, to be superior to the 
other.”” 


On cross-examination. Alderson 
conceded that he believed in the re- 
liability of well conducted surveys 
for testing corsumer recognition.” 
Disagreement arnong experts in court 
over acceptable methodologies, how- 
ever, may be expected to induce 
judicial caution in accepting the re- 
sults of polls conducted according to 
any sampling plan. Contrary to the 
impression one may get from such 
conflict of opinion as that described, 
engendered by the necessities of liti- 
gation, it appears nevertheless that 
authorities in their out-of-court dis- 
cussions of sampling problems are 
not seriously at odds over methodol- 
ogy. Indeed, there seems to be gen- 
eral agreement that different poll- 
ing problems may require different 
methods of sampling.” The question 
for the court would then seem to be. 
not whether a particular method 
used is the “scientific” one or whether 
there is a “scientific” method, but 
whether the method used, in the 
light of the best expert opinion avail- 
able, has validity for obtaining a re- 
liable sample for the purpose in- 
volved. 


‘ 


In its opinion on the Campbell 
Soup case, the court said that after 
“Taking into consideration the series 
of surveys which were conducted, 
the opinion of numerous advertising 
authorities, eminent psychologists, 
and the actual viewing of mass dis- 
plays,” it could not find any likeli- 
hood of confusion between Armour’s 
goods and the goods of either plain- 
tiff." The case was subsequently 
affirmed on appeal.” 





ADMISSIBILITY OF 
STATISTICAL EVIDENCE 


The breach of warranty, the food 
and drug, and the unfair competition 
cases serve to illustrate the manner 
in which sampling data have come 
before the courts. Whatever ths 
kind of case in which sampling or 
quality control data become relevant 
counsel has the problem of deier- 
mining the best way of getting the 
evidence before the court. The way 
in which records are kept may be 
a very great help or hindrance in his 
attempts to present the evidence 


In order to keep the trier of the 
facts, i.e., the jury or, in certair 
cases, the judge, from being influ- 
enced by irrelevant, prejudicial, o 
unreliable evidence, the law has 
come to recognize certain rules for 
determining the admissibility of evi- 
dence. The most notable, or perhaps 
notorious, rule of exclusion is ths 
hearsay rule. It precludes admission 
of testimony by a witness in court 
that he heard a statement outsid 
the court, when that tesimony 
offered as proof of the fact asserte 
out of court. The principal justifica- 
tion for the rule is the inability o! 
counsel to cross-examine the absent 
person being quoted. This indicate: 
the great faith the common law puts 
in cross-examination as a technique 
for discovering falsehoods and fal- 
lacies in testimony. 

Evidence of the operation of 
quality control or inspection systen 
is likely to encounter hearsay ob- 
jections, unless it is presented exclu- 
sively by persons who can _ speah 
from personal knowledge and ob- 
servation and without benefit of al 
sent persons’ statements. This meth- 
od of presentation may often b 
impractical. 

Fortunately, however, 
exceptions to the hearsay rule, whic! 
may serve counsel seeking to present 
evidence of quality contre] tests. Th 
first to be noted is that entries mad 
in the regular course of busines: 
may be introduced in court eve! 
though those who made the entries 
are not before the tribunal. A ver 
liberal version of this exceptior 
applicable in federal courts,” wher 
it would appear to be clear that « 
trol charts regularly kept would 
admissible to establish the facts 
shown thereon. Some jurisdicti 
restrict the exception to instanc¢ 
where the original observers ca! 
be produced in court.” The rest 


there a! 
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s on the use of the exception 
se ms to be eroding.” But the ex- 
eption everywhere requires the 
rd to be kept regularly and fair- 
yntemporaneously with the event 
recorded by the person or persons in 
a position to know the accuracy of 
the entries. Where original entries 
especially voluminous, sum- 
maries which afford fair guaranties 
ecuracy and which promise to be 
easonably helpful have sometimes 
been admitted.” It may be required, 
vever, that the supporting or un- 
jerlying data be also introduced in 
lence, or at least be available for 
examination by opposing counsel.” 


is desirable for an expert to 
mpile the summary, because of 
s special value as a witness in test- 
ng concerning his work. An ex- 
pert may be asked his opinion on 
ertain issues, where facts need to 
be interpreted and conclusions 
irawn by persons having technical 
qualifications or special opportu- 
nities for knowledge not possessed by 
iverage laymen.” An expert may be 
ne who has acquired his qualifica- 
tions by virtue of experience, or he 
may have engaged in systematic 
study.” An experienced quality con- 
trol supervisor would undoubtedly 
jualify. To the extent that such a 
supervisor can testify of personal 
knowledge and observation, the ad- 
mission of his evidence is facilitated. 
Where his check of certain opera- 
tions has not been close and continu- 
ng, there is greater likelihood that 
the subordinates who. conducted 
tests or collected information will be 
equired to testify in person. 


A final avenue of approach is that 

f judicial notice. Judicial notice en- 
ibles a court to know or find the 
existence of a particular fact with- 
ut the necessity of any proof—sim- 
because it is a matter of common 
knowledge or is susceptible of pre- 
e determination beyond cavil. The 
loctrine expedites trials and en- 
hances justice by eliminating dis- 
ites over indisputable facts. The 
indispensable condition of resort to 
the doctrine is indisputability of the 
facts judicially noticed.” There may 
be argument as to whether a certain 
itter is indisputable or not, and the 
judge must decide in such event 
ether he can take judicial notice 
should allow evidence to be pre- 
sented on both sides. Now a matter 
iy be judicially noticed although 
is necessary for the judge to con- 
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sult certain authoritative and stand- 
ard works to discover the facts.” 
Thus he may consult an almanac, a 
history, or a scientific treatise or 
manual. He might thereby discover 
the scientific basis for sampling and 
the laws of probability, and be led to 
take judicial notice of their opera- 
tion. 

The way judicial notice comes to 
be taken as scientific knowledge de- 
velops is illustrated by a South Da- 
kota case.” In 1931 a defendant in a 
rape case requested the court to take 
blood grouping tests to determine 
the possibility or impossibility of 
paternity of the fruit of the alleged 
illicit intercourse. The trial court 
denied the request and the South 
Dakota Supreme Court affirmed the 
denial on the ground that the reli- 
ability of such tests had not been 
established as a matter of unques- 
tioned scientific fact accepted among 
medical men. Three years later a re- 
hearing was granted. By that time 
the tests had been validated among 
reputable medical men to the com- 
plete satisfaction of the appellate 
court, and it acknowledged that if 
the question should now come up, 
the lower court would be required 
to take judicial notice of the reli- 
ability of these tests. It nevertheless 
refused to vacate the order pre- 
viously made in the case because in 
the state of judicial knowledge then 
existing the lower court could not be 
said to have erred.* 


Though I do not pretend to under- 
stand the laws of probability or the 
statistical basis for quality control, 
that basis appears to be sufficiently 
scientifically sound that the task of 
satisfying a court as to the reliability 
of a sampling technique employed in 
quality control systems does not im- 
press me as an imposing one. The 
practically universal acceptance of 
the validity of quality control meth- 
ods by mathematicians, engineers, 
governmental agencies, and indus- 
trial managements should assure its 
acceptance by the courts.” 


CONCLUSION 


The law books as yet contain little 
recognition of this industrial de- 
velopment. That is undoubtedly due 
in part to the recency and rapidity 
of the development. It is also due 
in part to the disinclination of buy- 
ers and suppliers to litigate differ- 
ences that arise out of failure to 
meet specifications. And presumably 


manufacturers using quality control 
methods are thereby minimizing the 
occasions for litigious disputes to 
arise. The intelligent use of knowl- 
edge and experience gained in the 
operation of quality control systems 
to make specifications more precise 
and to establish the allowable num- 
ber of defectives or acceptable qual- 
ity levels in contracts is to be en- 
couraged and expected as manage- 
ment becomes educated to the pos- 
sibilities. While many of the legal 
implications of quality control are 
not yet appreciated, I think it can 
be said with confidence that the law 
judge-made and legislative—inter- 
poses no serious threats or obstacles 
to progress in the improvement and 
extension of quality control. 


SUPPLEMENTARY NOTE 


Developments in the areas dis- 
cussed in the foregoing paper subse- 
quent to its delivery in November 
1949 warrant the inclusion of a sup- 
plementary note. 

In United States v. 5 Cases, Mors 
or Less, Containing “Figlia Mia 
Brand,” 179 F.2d 519 (2d Cir. 1950) 
the court sustained a condemnation 
of several cases of edible oils for 
adulteration and misbranding against 
a contention that samples put in 
evidence were not proved to be rep- 
resentative. One shipment of 180 
one-gallon cans was condemned al- 
though the Government’s proof was 
restricted to an analysis of but one 
of the cans. The opinion suggests 
that the burden of 
whether a sample is representative 


proof as to 


rests in this kind of case on the 
Government. However, 
indicated that by the claimant's 
method of manufacture, as much as 
8600 gallons was mixed at one time 


testimony 


and the resulting product was homo- 
geneous. The jury was allowed to 
infer, in the absence of evidence 
that the shipment came from differ- 
ent mixes, that the sample was rep- 
resentative 

The Sunbeam trademark cas 
cited in note 57 of the original paper 
has been reversed in part on appeal, 
183 F.2d 969 (9th Cir. 1950). While 
the appellate court in the particular 
circumstances of the case declined 
to give the same weight to the sur- 
vey evidence as did the trial court 
the propriety of the admission and 
consideration of the evidence for 
what it was worth was not ques- 
tioned. In the meantime the judge 
who tried and decided the first Sun- 
beam case gave favorable consider- 
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ation to survey results in another, 
Sunbeam Corp. Sunbeam Furni- 
ture Corp. 88 F. > 852 (S.D.Cal. 
1950). 


The Government made effective 
use of the results of a survey in a 
recent condemnation proceeding 
based on a charge of adulteration. 
The Government’s evidence con- 
sisted of surveys made at five cities 
in which a total of almost 4,000 
prospective and actual mothers vis- 
iting clinics and care centers were 
queried as to the impressions gained 
on viewing a bottle of Bireley’s 
Orange Beverage. The evidence was 
objected to as hearsay because the 
surveys were not scientifically con- 
ducted. The court admitted the evi- 
dence, ruling that the question as to 
whether the survey was good or bad 
goes to the weight rather than to the 
admissibility of the evidence. This 
ruling, which I regard as sound, un- 
fortunately does not appear in a 
published opinion. My information 
aboat the case comes from a letter 
dated May 2, 1950, from John L. 
Harvey, Director of Regulatory 
Management, Food & Drug Admin- 


See also 5 Food, Drug, 
362-3 (1950). 


istration. 
Cosmetic L. J. 


Perhaps the clearest expression of 
the current judicial attitude toward 
polls appears in the opinion of the 
Court of Appeals for the Fourth 
Circuit affirming the order of the 
Federal Trade Commission against 
the Bristol-Myers Company, dis- 
cussed in note 58 of the original 
paper. After emphasizing that less 
than 20% of the dentists contacted 
in the first survey replied to the 
questionnaire, the court continued: 
“It may well be that an accurate 
estimate of public opinion or prac- 
tice can be obtained by a sampling 
process or survey, but the record is 
devoid of information on this subject 
and in the absence of the proof of 
the scientific principles, if any, 
which underlie the practice, we must 
rely upon the impression which the 
advertisements would be likely to 
make upon the mind of a man of 
ordinary intelligence. This is not to 
express the opinion that all adver- 
tissments based upon surveys must 
be barred, but merely that the in- 
formation in the possession of the 


manufacturer in this case was jn- 
sufficient to support its advertise. 
ments, and hence that the action 
taken by the Commission in this re- 
spect was within its autho: 
Bristol-Myers Co. v. FTC, 185 F 
58, 60-1 (4th Cir. 1950). 


The five 1950 cases carry the 
further along channels marked 
the original paper. The courts 
generally taking an open-mindec 
and enlightened approach toward 
evidence based on sampling. Enough 
judicial skepticism is encountered. 
however, to present a challenge to 
counsel who would submit evidence 
of a statistical nature for use in 
litigation. There is a premium on 
thorough preparation. Close coop- 
eration between the lawyer and the 
statistical and engineering experts 
is indicated for the future in pre- 
paring for litigation—and indeed in 
preparing to avoid it! 
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UALITY requirements are fre- 
quently specified in the form of 
maximum or minimum averages for 
particular characteristics. The aver- 
age bursting strength of fibreboard, 
for example, may be required to be 
at least 500 points. The average 
moisture content of soap may be re- 
quired to be not more than 36%. 
Such requirements are normally in- 
tended as limits for the average of 
all of the product in any lot or ship- 
ment. 

Conformance with quality require- 
ments, however, is frequently deter- 
mined by sampling. Since the aver- 
age of a sample may differ from the 
average of the lot, it is possible for 
a lot with a satisfactory average to 
yield a sample having an unsatisfac- 
tory average 

Accordingly, it may sometimes be 
desirable to make an allowance for 
the chance departure of a sample 
average beyond the specified lot 
average limit. Such an allowance 
must be large enough to minimize 
the risk of rejecting “good” lots but, 
at the same time, not so large as 
to cause undue risk of accepting 
“bad” lots. The purpose of this arti- 
cle is to present two methods of 
making allowance for departures of 
sample averages which can reason- 
ably be attributed to sampling error. 


These methods are: 


The U-Test: For use when the 
lot range** is 
available for the 
quality character- 
istic in question. 

The Q-Test: For use when the 
lot range is not 
available. 

*Ackowledgment is made to Miss Pauline 
Ginsburg and Mr. John Vitolo, same organi- 
zation, for their mathematical work on the 


table and OC Curves, and to Miss Ginsburg 
for her editorial assistance. 
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PART I: 





Determining Conformance with 
Requirements for Lot Averages 


Quartermaster Inspection Service, Department of the Army* 








METHOD OF USING U-TEST 


From Table 1, find the U-factor 
for the sample size involved. Mul- 
tiply this U-factor by the lot range. 
The product of the two is the allow- 
ance. 

EXAMPLE: Average warpwise 
breaking strength of a certain type 
of cloth is required to be not less 
then 180 Ibs. per inch. Lot range, 
based on past experience, is 30 lbs. 
A shipment of 100 pieces of this 
cloth is received from a supplier 
and specimens are withdrawn from 
3 pieces. These are tested with the 
following results: 


First Piece: 182 lbs /inch 


Second Piece: a = 
Third Piece: —-hCU 


Sample Average: 177 


The sample average of this ship- 
ment is 3 lbs/inch below the mini- 
mum allowable lot average of 180. 
The question is, “Can this depar- 
ture reasonably be attributed to 
luck of the draw?” 

From the table, the U factor for 
a sample of 3 is found to be 0.138. 
Multiplying this by 30 Ibs./in. (the 
lot range) results in an allowance 
of 4.14 Ibs./in. In the example 
under discussion, the departure of 
the sample average (3 lbs./in.) is 
within the allowance; hence, it 
could reasonably be attributed to 
chance. 


METHOD OF USING Q-TEST 


Compute the range of the sample. 
From Table 1, find the Q-factor for 
the sample size involved. Multiply 
the sample range by this Q-factor. 
The product is the allowance. 

**The “lot range” is an estimate of the 
maximum variation from unit to unit within 
the lot. Its periodic computation (from test 


results on a series of lots) is discussed later 
in this article. 










PRACTICAL ASPECTS 
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EXAMPLE: Given the same data as 
in the example of the U-test, but 
assuming that the lot range is not 
available, what decision should be 
made? 

Sample range is 182 minus 172 
10 Ibs./in. Q-factor for a sampk 
of 3 is found from the table to be 
0.69. Multiplying 0.69 by 10 lbs 
results in an allowance of 69 
Ibs./in. The departure of the sam- 
ple average (3 lbs./in.) is witl 
this allowance; hence, as before 
the departure of the sample aver- 
age could be attributed to chanc: 


















PRACTICAL ADVANTAGES OF 
THESE METHODS 





The two methods recommend: 
here are not the only ways of dealing 
with sample averages.+ These met! 
ods, however, have one important 
advantage over other techniques, i, 
they are easily used by inspection or 
laboratory personnel who do 
have statistical training. The Q-test 
involves only subtraction and mu't 
plication. The U-test requires com- 
putation of the lot range from prev 
ous testing results, but this can | 
done periodically for any given char- 
acteristic by qualified personne 
Once the lot range has been mad 
available, the inspector or laborator 
technician can apply the U-test 
simple multiplication and subtrac- 





















ticn 





DESIRABILITY OF 
ALLOWANCES 


The foregoing description of 
two methods is not intended to 
vey the impression that an allowanct 










+The “Student” t test, for example, 
other method for interpreting sampl« 
ages. It is not entirely satisfactory for 
scale industrial use, however, because 
quires a separate computation of the 
ard deviation (or similar figure) ever 
a sample is found with an unsatis 
average 
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ipling error is always daesir- 
On the contrary, allowances 
ot be used indiscriminately. 


Th. U and Q tests provide margins 

mpling error to be used in 

we ng the tentative assumption 

he lot average is really satis- 

Evidence may be available, 

er, that this tentative assump- 

ould not be considered in the 

st place. For example, the average 

ire content of a sample of a 

repared spaghetti product is found 

be 138% instead of 12% (the maxi- 

allowable lot average). In ad- 

it is known that in the prep- 

m of this particular batch, the 

temperature of the mixture was per- 

nitted to fall below the boiling point 

n naknown period of time. Un- 

ler such circumstances, it may well 

expected that the moisture con- 

tent of the finished product would be 

igh, and the unsatisfactory sam- 

ple average would not be explained 
vay aS mere sampling error. 


After all, there are always two 
possibilities: either the average of 
the lot as a whole is really satisfac- 
it is really unsatisfactory 
Every available morsel of engineer- 
ng knowledge should be used in 
leciding which of these two assump- 
tions is the more likely before apply- 
ng the U or Q test. An allowance 
should not be made on a lot whose 
sample average is non-conforming 

there is prior evidence that the lot 
iverage actually is unsatisfactory. 
Frequently, however, such prior evi- 
lence is unavailable. As a rule of 
thumb, it is therefore suggested that 
in allowance be made on the cur- 
rent lot unless it is the third time 
ina row that the sample average has 
been outside of the specified lot av- 

ge limit. The chance of unjustly 
refusing an allowance under this rule 
will not exceed one out of eight. 
» Yoxlox's). 

This discussion is not meant to 
liscourage the reader from applying 
the U or Q test, but to point out that 
good judgment is needed in deciding 
vhen the tests are applicable. If 
there is no prior indication that the 
‘urrent lot is unsatisfactory, then an 


ry or 


allowance for sampling error should 


be made. A lot should be presumed 

nnocent” until proven “guilty” be- 
yond a reasonable doubt. 
LOT RANGE 

rhe term “lot range” is used here 


to designate an estimate of the maxi- 


MARCH, 1951 








announcing... 


A NEW STATISTICAL CALCULATOR 


for industrial quality control 


that is FAST... EASY-TO-USE . . . ACCURATE! 





{ The Merrill 


RWS 


| Slide-Disk | 











COMPUTES 
@ standard deviations 


@ correlation coefficients 





@ root-mean-squores 
@ regression lines, etc. 


SPEED The Merrill RMS Slide-Disk saves statistical computing time. By a unique 
graphical principle, up to five separate mathematical operations can be performed in 
one step taking about two seconds to complete. With operations done simultaneously, 
it is unnecessary to fill in detailed computing schedules. 


ACCURACY Statistical results precise to 
one-half per cent (42%) are obtainable on 
the RMS Slide-Disk: Because of its speed, 
the Slide-Disk is ideal for checking computa- 
tions to insure against omissions or incorrect 
reading of data. 


SIMPLICITY Operation of the RMS 
Slide-Disk is straight-forward and can be 
learned quickly by computing personnel. Sta 
tistical values are en 
tered onto the instru- 
ment and the answer 
is read directly 


c ~ 





LOL FLL LE LOO OOO 


rrr rrr rr OOO POC OOP OOOO 


HOW THE SLIDE-DISK WORKS 





The Merrill RMS Slide-Disk makes 
graphical use of the Pythagorean 
Theorem. It consists of a disk free 
to slide and rotate beneath two per- 
pendicular scales on which a succes- 
sion of right triangles is formed 
graphically. Statistical values are re- 
lated to the sides of @ right triangle 
and are thereby squared, summed, 
and square-rooted in a single opera- 
tion that yields the hypotenuse. By 
entering values in succession, the 
square-root of the sum of the squares 
is accumulated. Deviations are auto- 
matically computed by displacing the 
zero of one seale, and skewed dis- 
tributions are rapidly solved by the 
use of non-linear scales. 








Solve your S. Q. 
the new and easy graphical way! 


C. problems 





Slide-Disks are ECONOMICAL 


They save time, money, and effort 
throughout their entire life Slide- 
Disks are much faster than alternative 
computing means and soon pay for 
themselves 


Slide-Disks are COMPLETE 


set includes linear and _ logarithmic 


scales and an illustrated instruction booklet. 
Nothing extra to buy 
made 
Vinylite plastic. 


All critical parts are 


of durable and dimensionally-stable 


Price $64.00 complete, postpaid 














Slide-Disks are GUARANTEED within U.S.A. 
———--—-——-—-------74 
Graphic Calculator Co., Dept Q | SPECIAL to computing groups 
633 Plymouth Court, Chicago 5, j 10 discount for 4 sets or more 
15° discount for 10 sets or more 
PLEASE RUSH | 
RMS SLIDE-DISKS | ORDER YOUR RMS SLIDE-DISKS TODAY 
Cash Enclosed Bill ; - 
Furth inf< t this new 
sattatseae, "1 Graphic Calculator Company 
| Dept. Q 633 Plymouth Court 
| Chicago 5, Illinois U.S.A. 
I 





























OPERATING CHARACTERISTIC CURVES FOR U-TEST AND Q-TEST 
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AVERAGE OC CURVES FOR 4 
SAMPLE SIZES: 12, 15, AND 20 
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; riation from unit to unit 
th he lot as a whole, defined by 
wing formula: 
Lot Range 60" 
is the value of the standard 
nm (within lots) computed 
st results on a series of prior 


is equal to the value of o 
by formulae in the ASTM 
Mar * with the following excep- 
vhen sample size per lot is 25 

the value of o’ is equal to o 
i by the ec: factor obtained 
lable I of the ASTM Manual. 


rder to use the U-test, the lot 
vse must be computed at periodic 
tervals. The lot range should not 
e considered as “known” unless 0’, 
which it is based, is stable from 
t to lot. This can be determined by 
e control chart technique de- 
ribed in the ASTM Manual. If o’ 
stable, the Q-test should be 

sed instead of the U-test. 


PART It: THEORETICAL 
ASPECTS 


OC CURVES 
The accompanying operating char- 
teristic (OC) curves show the rel- 
tive effectiveness of the two meth- 
is in discriminating between good 
nd bad lots 
In order to use these OC curves, 
nust have a measure of the ex- 
to which the lot as a whole 
ates from the specified limit for 
e characteristic under considera- 
n. The measure adopted for this 
irpose is the relative deviation (D) 
ven by the following formulae: 


D 
A 
Lot Average - Maximum Limit 
Standard Deviation (0’) 
D 


Minimum Limit - Lot Average 
Standard Deviation (0’) 


EXAMPLE: The average breaking 
strength of each lot of a certain 
cloth is required to be not less 

han 180 Ibs. The standard devia- 

tion of breaking strength is 5 lbs. 

The relative deviation (D) of a lot 
vith an average of 174 Ibs. is: 

D = (180-174) /5 = 6/5 = 1.2. 


From the foregoing, it is seen that 
the relative deviation of a lot is 
sitive, the lot is bad. If it is nega- 


‘Pages 53 and 54, ASTM Manual on Pres- 
*ntation of Data, April 1945 reprint 
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tive, the lot is good; if it is equal to 
zero, the lot is satisfactory but on 
the borderline. The OC curves show 
the probability of acceptance of a lot 
of any given relative deviation. For 
example, if the relative deviation of 
a lot is 1.2, and the U-test is to be 
used on a sample of 5 units, the ap- 
plicable OC curve reveals that the 
lot has about 13 chances out of a 
hundred of being accepted. 


PRODUCER’S RISK 


As indicated above, a lot whose 
true average happens to be exactly 
equal to the specified limit (i.e., a 
borderline satisfactory lot) has a 
relative deviation of zero. Now, even 
though an allowance is made, there 
is still some risk that a lot with a 
relative deviation of zero will yield 
a sample whose average exceeds the 
allowance. This is known as the 
producer’s risk. The OC curves re- 
veal that for the U and Q factors set 
forth here, the producer’s risk is the 
same for the U or Q test, but that it 
varies with the sample size; the big- 
ger the sample, the less the pro- 
ducer’s risk. 

This arrangement of producer’s 
risks was chosen because, for small 
samples, the producer’s risk cannot 
be held very low without unduly in- 
creasing the consumer’s risk (proba- 
bility of accepting a lot whose rela- 
tive deviation is greaier than zero.) 
It would be desirable to hold the 
producer’s risk to a very low level 
for all sample sizes, but this could 
only be achieved by having the con- 
sumer assume all of the increase in 
risk associated with a decrease in 
sample size. 


DISCRIMINATORY POWER 
The OC curves reveal that the 


discrimination of the U-test between 
good and bad quality improves 
sharply as the sample size increases 
from 2 to 20, whereas the Q-test 
does not. Consequently, it is prefer- 
able to use the U-test even though it 
involves periodic computation of the 
lot range.* 


UNDERLYING THEORY 


In computing probabilities for the 
OC curves, it was assumed that the 
lot is normally’ distributed and 
sampling is random. 

The U-factor for sample size n 
was determined from the following 
formula: 


U =t,/6\/n 








where t, is that value of the abscissa 
on the standard normal curve (of 
zero mean and unit variance) be- 
yond which the area under the nor- 
mal curve equals the desired pro- 
ducer’s risk a, 


The appropriate Q-factors for the 
desired producer’s risks were ob- 
tained by numerical integration, us- 
ing the following equations: + 


. wQ\/n 
-_ »(w 
| ee p(w) | p(z)dz dw 
—e 
where 
w range of a sample from a 


normal population of zero 
mean and unit variance; 


p (w) probability distribution 
function of w: 
Z normal variable with zero 


mean and unit variance; 


probability distribution 
function of z. 


TABLE 1—U and Q Factors 


p (z) 


Sample U Q 
Sizes Factors Factors 
2 0.160 1.50 
3 0.138 0.69 
4 0.125 0.46 
5 0.118 0.37 
6&7 0.113 0.32 
8&9 0.107 0.26 
10 & 11 0.100 0.22 
12 & 13 0.093 0.19 
14 ~ 17 0.083 0.16 
18 - 22 0.073 0.13 


*A modification of the Q-test may be made 
to increase its discriminatory power. Thi 
modification consists of randomly dividing 
the sample into equal subsamples, determin- 
ing the range of each subsample, and aver- 
aging the subsample ranges. The average 
subsample range is then used instead of the 
range of the entire sample, but Q-factors dif- 
ferent from those in Table 1 must be used 
Such values of @ are not yet available for 
the producer’s risks chosen here 


+Based on equation given in “The Use of 
Range in Place of o in t-Test E. Lord 
Biometrika, 1947, p.4l. 





NOTICE 

This paper appears in full in 
the Proceedings of the Annual 
Middle Atlantic Regional Con- 
ference, Philadelphia, February 
16-17, 1951. 

The Conference generously do- 
nated a residue of about 100 
copies of these Proceedings to 
ASQC. They are available at 
$2.50 per copy through Alfred L 
Davis, 65 Plymouth Ave. South, 
Rochester 8, N.Y. Make check 
payable to American Society for 
Quality Control. 
























SYNOPSIS OF THE 





Fifth Annual Convention 
American Society for Quality Control 


Annual ASQC Convention are presented herewith. 


Convention Headquarters will be located at the 
Hotel Cleveland, and the Annual ASQC Banquet will 
be held there. However, all technical sessions and the 
Wednesday and Thursday luncheons will be held at the 
Public Auditorium. 


A Pre-Convention Social Evening has been planned 
for Tuesday, 9-11 P.M., in the colorful Ballroom of the 
Hotel Cleveland. This will be a festive affair designed 
to promote good fellowship by giving those who arrive 
early an opportunity to get together with old friends 
and make new ones. Door prizes, refreshments, light 
entertainment, and other features will add to the gaiety. 
Be sure to arrive in Cleveland by Tuesday evening so 
you can attend this party. The ladies are especially 


welcome 








General Assembly 11 A.M. Wednesday 


This will be the official opening of the Convention 
Program. Keynote speaker will be Fred C. Craw- 
ford, President, Thompson Products, Incorporated. 
Under the forward-looking leadership of Mr. 
Crawford, Thompson Products has developed one 
of the finest SQC installations in the country. Mr. 
Crawford ranks high among Cleveland’s prominent 
industrialists and is nationally known for his force- 
ful presentation of current topics. 

No other meetings will be scheduled at this time so 
that everyone may be free to attend this important 
session. 


Luncheon Sessions 

The Luncheon Session at 12 Noon on Wednesday 
will be a strictly informal affair with no program 
of any sort. 

The Luncheon Session at 12:15 P.M. on Thursday 
is planned to fit in with the Armed Service Pro- 
curement portion of the general Technical Program 
The Guest Speaker at this session will be Admiral 
M. L. Ring, Director of Supply Management, Muni- 
tions Board, who has selected for his topic 


PROBLEMS IN MILITARY PROCUREMENT 
Several other important military personnel will be 
guests at the speakers’ table for this session. 


Public Auditorium, Cleveland, Ohio 


Wednesday and Thursday, May 23-24, 1951 





S PROMISED in the January issue, further details 
concerning the program and activities of the Fifth 


PROGRAM SYNOPSIS 





“Quality Control—Today’s Foundation for Tomorrow’s Reputation” 







The Technical Program for this Convention is on¢ 
of unusually broad interest and scope. It provides 
variety of timely topics and experienced speakers or- 
ganized to challenge the interest and serve the needs of 
a wide range of audience acquaintance with the science 
and application of statistical quality control. It has been 
carefully planned to make available something of value 
to everyone, regardless of his level of maturity in this 
field. Highlighting the program is the theme of Military 
Procurement Problems and Procedures, featuring the 
relationship of statistical quality control to Industry and 
the Armed Services in the current National Defense 
plans now taking shape. Statistical quality control wil! 
play a prominent role in this activity. Industrial leaders 
will have an opportunity at this Convention to hea: 
high-ranking military authorities present their views 
on the importance of these techniques in military pro- 
curement matters. 

Other broad features of the Convention Program 
are set forth in the following general outline: 






Annual ASQC Banquet 
The Annual ASQC Banquet will be held at 6:15 
P.M. on Wednesday at the Hotel Cleveland. Award- 
ing of the Shewhart Medal, presentation of the 
Brumbaugh Award, the Shewhart Medallist’s Ac- 
ceptance Address, and Induction of ASQC Officers 
for the 1951-52 term will feature the banquet pro- 
gram. 


TECHNICAL PROGRAM 
General Interest 


The interest of some attendants at the Conventior 
focuses in a specific content, but a much larger segment 
represent a variety of interests which can be serviced 
only by a program of broad scope. The presentations 
described in this section have been designed for the 
latter group. 


Quality Control in Non-Metallic Fields 

Broadly speaking the interest centers in such opera 
tions as moulding, drawing, shaping, baking, blowing 
spinning, or weaving instead of metal machining. W 
it is not possible to cover completely such a diverse lis‘ 
the presentations listed below contain typical fac‘ 
control of rubber, glass, and plastic operations. 


QUALITY CONTROL IN TIRE MANUFACTURE 
John K. MacKeigan, Chief Inspector, Dunlop Ti 









INDUSTRIAL QUALITY CONTROL 


















Rubber Goods Company, Ltd., Toronto, Canada. 


NDING THE FACTS BEFORE SETTING THE 
SPECIFICATION 


ian H. Toulouse, Chief Engineer, Quality and 
Specifications Department, Owens-Illinois Glass 
. Toledo, Ohio 


)LERANCE CORRECTIONS APPLIED TO 
PLASTICS FABRICATION 


Edward B. Haden, Quality Control D‘rector, The 
Esterbrook Pen Company, Camden, New Jersey 


Management’s View of Quality Control 

Many concerns are facing problems of fitting quality 
| into their own manufacturing operations. A 
listinct set of problems arise in dealing with vendors. 
Where both consumer and vendor practice quality con- 
|, complications are readily resolved, but where one 
practices quality control and the other does not, diffi- 
sultie: sometimes appear to be insoluble. Some light 

vill be shed on these subjects by the presentations: 


IMPROVING VENDOR-CONSUMER RELATION- 
SHIPS 

Edward M. Schrock, Assistant to the Manager of 

Engineering, Household Refrigerator Division, Ap- 

pliance and Merchandise Department, General 

Electric Company, Erie, Pennsylvania 


ELIMINATION OF STEPS IN A PROCESS 
Roscoe C, Byers, Quality Control Engineer, Head- 
quarters Quality Control, Westinghouse Electric 
Corporation, Pittsburgh, Pennsylvania 

QUALITY CONTROL ASSISTS PRODUCTION 

PLANNING 

Eugene H. MacNiece, Director of Quality Control, 
Johnson & Johnson, New Brunswick, New Jersey 


The Use of Gauging Equipment in a Quality Control 
System 

The analysis of a problem is wholly dependent upon 
the accuracy of the data employed. In most applica- 
tions the data arise from gauging operations, using 
either fixed or variable gauges. Inspection and produc- 
tion departments will be interested in demonstrations 
f how to obtain accurate data for quality control 
through correct application of modern gauging equip- 
ent 


GAUGING TO FIND THE FACTS 
Francis B. Murphy, Assistant to the Chief Inspector, 
Hamilton Standard Division, United Aircraft Cor- 
poration, East Hartford, Connecticut 


ESSENTIAL DESIGN QUALIFICATIONS AND 
CORRECT APPLICATION OF GAUGING DE- 
VICES NECESSARY FOR EFFECTIVE QUAL- 
ITY CONTROL OF SCREW THREADS 

Clinton V. Johnson, Partner, Johnson Gage Com- 

pany, Bloomfield, Connecticut 


THE APPLICATION OF AIR, ELECTRONIC 
AND AUTOMATIC GAUGES TO CONTROL 
QUALITY 

W. Fay Aller, Director of Research, The Sheffield 
‘orporation, Dayton, Ohio 
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“Quality Control—Today’s Foundation for Tomorrow’s Reputation” 


How to Organize and Install a Quality Control System 

Perhaps the criticism most commonly leveled at 
quality control managers is failure to set a correct 
objective for their work and organize their departments 
to attain that objective. Often internal circumstances 
in a plant prevent attainment of a properly planned 
goal. Likewise, many plants are now investigating the 
advantages of quality control. The management of these 
concerns and most others that now have quality control 
installations can profit from the penetrating and ex- 
perienced analyses of this subject listed. 


INSTALLING A QUALITY CONTROL SYSTEM 
Joseph M. Juran, Chairman, Department of Admin- 
istrative Engineering, New York University, New 
York, New York 


INSTALLING STATISTICAL QUALITY CON- 
TROL IN A PHARMACEUTICAL MANUFAC- 
TURING COMPANY 

John K. Taggart, Head, Inspection Departments, 

Eli Lilly and Company, Indianapolis, Indiana 


Visual Aids to Presenting Quality Control in the Factory 

Closely allied to the preceding presentation is the 
question: How can the operating technique of quality 
control be set forth understandably for foremen and 
operators on the one hand and for top management on 
the other? Neither of these groups can be expected to 
include statistical proficiency in the training for their 
jobs. Yet a successful quality control installation re- 
quires that both possess a considerable familiarity with 
the statistical approach to problems. The accumulation 
of a vast amount of experience indicates that “one pic- 
ture is better than a thousand words.” The visual aids 
which will be presented are simple, efficient, and uni- 
versally instructive. 


MECHANICAL AIDS FOR PRESENTING THE 
QUALITY CONTROL STORY 

Robert E. Wagenhals, Director of Quality Control, 

The Timken Roller Bearing Company, Canton, 

Ohio, assisted by Lewis D. Rice, Quality Control 

Engineer, The Timken Roller Bearing Company, 

Canton, Ohio 


A SHOP DEMONSTRATION OF QUALITY 

CONTROL PRINCIPLE AND PRACTICE 
Wendell H. Abbott, Supervisor, Statistical Section, 
Lamp Department, General Electric Company, Nela 
Park, Cleveland, Ohio 


Educational Program 


Perhaps it would be safe to assume that at some 
future date the practice of quality control in industry 
will be so universal that each concern will have estab- 
lished a training program for replacement and expan- 
sion of its quality control staff. In the foreseeable future, 
however, the acceptance of quality control by additional 
concerns and the expansion of existing installations 
present a virtual mandate to the Society to maintain 
an elementary training program as an integral part of 
its Convention Technical Program. This program is 
planned so as to provide about ten hours of unified 
instruction carefully planned so as to blend principles 
and shop practice while keeping uppermost that trainees 
will come from many different fields of manufacture 
and will be a mixture of beginners and those seeking a 





















refresher. The course will include the management of 
data, types of control charts and their interpretation 
and principles. Factory problems to illustrate tech- 
niques will be presented and solved by the students 
during the class periods. The instructors are Arthur 
Bender and George McDermott, Engineering Depart- 
ment, Delco-Remy Division General Motors Corpora- 
tion, Anderson, Indiana. 

Special Note: The Educational Program will start 
at 9:00 A.M. Wednesday, May 23. All persons expecting 
to enroll should make their travel arrangements so as 
to be present at the opening session which will contain 
introductory material that, because of the limited time, 
cannot be repeated in subsequent sessions. This session 
will recess, however, in time for trainees to attend the 
General Assembly at 11 A.M 


Armed Service Procurement 


The defense program now in process of activation 
presents problems to industrial management that in 
some respects dwarf those of 1941. An important offset 
to the situation is the unification of procurement by the 
Armed Services. The advantages accrue to both the 
government procurement agency and contractors for 
materiel, in that procurement policy at top levels can 
be established and maintained from the inception of the 
program, and a single acceptance plan can be univer- 
sally applied and uniformly administered. 


This program has been set up to bring to top man- 
agement, quality control management, and quality con- 
trol operators the policy and acceptance practice of the 
Armed Services. The program will be staffed by repre- 
sentatives of Armed Services procurement agencies 
from the three major services. 
THE QUALITY EVAULATION POLICY OF THE 

AIR MATERIEL COMMAND 


srig. Gen. Walter G. Bain, USAF, Quality Control 
Division, Wright-Patterson Air Force Base, Dayton, 


Ohio 
THE ARMY’S PROGRAM FOR QUALITY CON- 
TROL 


Lt. Col. C. E. Capito, Department of Defense, Gen- 
eral Staff, United States Army 


THE NAVY’S PROGRAM FOR QUALITY CON- 
TROL 

Captain M. R. Williams, Field Services Division, 

Office of Naval Materiel, Navy Department 


MILITARY STANDARD 105-A—A STANDARD 
INSPECTION SYSTEM 

Commander B. L. Lubelsky, U.S.N., Assistant Di- 
rector of Quality Control Division, Bureau of Ord- 
nance, Department of the Navy, and William R. 
Pabst, Jr., Assistant for Statistics, Quality Control 
Division, Bureau of Ordnance, Department of the 
Navy 

Allied with the preceding is a program presenting 

currently used methods in acceptance sampling. 


APPLICATIONS OF SEQUENTIAL SAMPLING 
IN RECEIVING INSPECTION 

Edward R. Close, Chief Inspector, Instrument Divi- 

sion, Bausch & Lomb Optical Company 
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RECENT LOT PLOT EXPERIENCES AROUND 
THE COUNTRY 

Dorian Shainin, Chief Inspector, Hamilton Stang. 

ard Division, United Aircraft Corporation, Hartford 

Connecticut 


ACCEPTANCE INSPECTION OF PURCHASF 
MATERIALS 

E. G. D. Paterson, Systems Quality Engineer, 

Telephone Laboratories, Inc., and J. E. Palme: 

Superintendent, Supplies Inspection, Western Elec. 

tric Company, Inc., New York, New York 


Mathematical Statistics 


The foundations of quality control are in the wor! 
of the statistician. Yet the quality control operator js 
largely unable to read and understand the voluminous 
literature which is made available by the statisticia; 
The speakers in this session will present some of th: 
services of statistics to quality control in a form whi 
will remove the mystery and stress the utility. 


TWO SIGMA OR THREE SIGMA 

Harold A. Freeman, Professor of Statistics, Massa- 
chusetts Institute of Technology, Cambridge, Mas- 
sachusetts 


QUICK AND DIRTY METHODS IN STATISTICS 
—Part 1 

W. Allen Wallis, Professor of Statistics. The Uni- 

versity of Chicago, Chicago, Illinois 


QUICK AND DIRTY METHODS IN STATISTICS 
—Part 2 

John W. Tukey, Professor of Mathematics, Princet 

University, Princeton, New Jersey 





Metal Producing and Fabricating Industries 


Furnacing operations in the iron and steel indust 
were marked early as a difficult place in which to ir 
troduce the statistical approach. Likewise, foundr 
men have often claimed that their operation defi 
statistical science. In contrast, intermediate machinir 
operations have been the very core of quality contr 
application. The speakers listed below are prepared | 
present the story of quality control applicatior 
furnacing, in the foundry, and in intermediate machir 
ing. 


PRACTICAL CONSIDERATIONS IN THE Al 
PLICATION OF STATISTICAL TECHNIQUES 
IN STEEL PROCESSING 

John V. Sturtevant, Development Metallurgist 

Irvin Works, U. S. Steel Corporation, Pittsburg! 

Pennsylvania 


ANALYZING OPEN HEARTH DATA—STATIS 
TICS VS. OPINION 

Donald S. Leckie, Quality Control Engineer, R: 

public Steel Corporation, Cleveland, Ohio 


QUALITY CONTROL AT WORK IN THE STEE! 
FOUNDRY 

Harold H. Johnson, Metallurgist, National Malleab' 

and Steel Castings Company, Sharon, Pennsylvani: 


TYPICAL QUALITY CONTROL APPLICATIONS 
AT DELCO PRODUCTS 






INDUSTRIAL QUALITY CONTROL 





» J. Nartker, Superintendent, Quality Control 
ction, Deleo Products, Dayton, Ohio 


,OPLE, PISTON RINGS, AND QUALITY CON- 
TROL 


arl E. Hoover, Quality Control Administrator, 
erfect Circle Corporation, Hagerstown, Indiana 


SING THE NORMAL CURVE IN.PRESENTING 

INFORMATION TO SUPPLIERS AND DESIGN 

ENGINEERS 

yuis K. Vollenweider, Assistant Chief Inspector, 
John Deere Waterloo Tractor Works, Waterloo, 


lowa 


[HE APPLICATION OF QUALITY CONTROL 
IN THE MALLEABLE FOUNDRY 


Edwin F. Price, Engineer, The Dayton Malleable 
Iron Company, Ironton, Ohio, assisted by F. S. 
Gibson and O. K. Hunsaker 


APPLICATIONS OF QUALITY CONTROL IN 
THE ALUMINUM INDUSTRY 


William P. Goepfert, Staff Metallurgist, Aluminum 
Company of America, Pittsburgh, Pennsylvania 


The Technical Committees 


The programs which follow have been set up by 
the Technical Committees to meet the needs of Con- 
ntion participants from these industries. 


The Chemical Industries 


The control of chemical processing offers the maxi- 
mum challenge to the ingenuity and technical knowl- 
edge of the statistician. Research and development 

se problems in design and analysis. Within the broad 
field of the chemical industries, pharmaceutical manu- 
facture is a major segment. This segment in addition 
» the usual complications of chemical manufacture 
must maintain sterile conditions in production areas 
and controls which are partially dictated by the Federal 
Food and Drug Administration. All of these presenta- 
tions will presuppose some familiarity with the statisti- 
al approach to problems. The applications, although 
geared to the chemical industry, will be generally in- 
structive. The last two presentations have been set up 
specifically to present to representatives of the pharma- 
eutical industry an available approach to compounding 
ind filling problems. 


THE INTERPRETATION OF CHEMICAL DATA 


William J. Youden, Assistant Chief, Statistical En- 
gineering Laboratory, National Bureau of Stand- 
ards, U. S. Department of Commerce 


SGCME EXAMPLES OF THE USE OF THE 
ANALYSIS OF VARIANCE IN INTERPRETING 
CHEMICAL DATA FROM THE LABORATORY, 
THE PILOT PLANT, AND THE PRODUCTION 
PROCESS 


K. Alexander Brownlee, Biometrician, Squibb In- 

stitute for Medical Research, New Brunswick, New 

Jersey 

SOME RAPID APPROXIMATE STATISTICAL 
PROCEDURES 


Frank Wilcoxon, Statistician, Lederle Laboratories 
Division, American Cyanamid Company, Pearl 


River, New York 


STATISTICAL QUALITY CONTROL’S ROLE IN 
MAKING BETTER MEDICINES AT ELI LILLY 
AND COMPANY 

Ralph Ernsberger, Chief, Statistical Inspection De- 

partment, Eli Lilly and Company, Indianapolis, 

Indiana 


REDUCING THE EFFECT OF PROCESS AND 
TESTING VARIABILITIES 


Robert M. Hofstead, Assistant to the Director of 

Statistics, Bristol Laboratories, Syracuse, New York 
The Electronics Industry 

Establishment of the Electronics Technical Com- 
mittee within the American Society for Quality Control 
is the best evidence of the wide-spread interest in 
quality control in this expanding industry. The Com- 
mittee has set up an initial session on Wednesday after- 
noon and a related one on Thursday afternoon to devel- 
op the facets of the major problems of dealings between 
raw material and subassembly producers on one hand 
and assembled product producers on the other. At the 
Wednesday session representatives of vendors and con- 
sumers will present their problems and points of view. 
It is expected that these presentations will generate 
discussion and questions which will be brought up in 
the Thursday session in which the speakers of the 
Wednesday session will sit as a panel to focus questions 
and discussion from the floor. It is expected that the 
meat of the Thursday session will come from those in 
attendance. Thus, a general airing of the problems of 
vendors and consumers in dealing with each other can 
lead to better understanding and better relations. 


QUALITY EVALUATION OF GENERAL ELEC- 
TRIC COMPANY’S ARINC TUBES 

J. Alfred Davies, Supervisor of Statistical Control 

Methods, Receiving Tube Division, General Electric 

Company, Owensboro, Kentucky 


DEALING WITH LARGE AND SMALL SUP- 
PLIERS 

John T. Clark, Production Control Engineer, Senti- 

nel Radio Corporation, Evanston, Illinois 


THE PUZZLE IN VENDOR-CONSUMER RELA- 
TIONSHIPS 

Robert J. Miller, Supervisor of Electronics Quality 

Control, Erie Resistor Corporation, Erie, Pennsyl- 

vania 

CONSUMER-VENDOR PROBLEMS IN CON- 
VERTING TO MILITARY PRODUCTION 

Paul Fritschel, Manager of Technical Service, Com- 

mercial Equipment Division, Electronics Depart- 

ment, General Electric Company, Syracuse, New 


York 


VENDOR QUALITY IS A CONSUMER RESPON- 
SIBILITY 

Leo J. Jacobson, Manager, Quality Control Depart- 

ment, International Resistance Company, Phila- 

delphia, Pennsylvania 
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OF SUP- 





PERFORMANCE 





STANDARDS VS 
PLIERS 

Alfred J. Winterhalter, Jr., Assistant Manager of 

Quality Control, Colonial Radio Corporation, 

Buffalo, New York 









The Automotive Industry 

The manufacture of parts and subassemblies in the 
automobile industry is one of the largest fields in 
American production. Here the transfer of precision 
from the tool maker level to the production level is 
complete. The automobile assembly line is an outstand- 
ing example of the American manufacturing system 
Quality control of this stage of production has been 
expanded greatly in recent years. The applications 
which will be presented have been planned to attract 
all quality control men who are involved in control 















problems of precision machining or progressive assem- 





bly 






THE USE OF STATISTICAL TECHNIQUES FOR 
INVESTIGATIONAL PURPOSES 

Carl V. Garrett, Assistant Chief Inspector, Allison 

Division, General Motors Corporation, Indianapolis, 

Indiana 


BUILDING QUALITY CONTROL 
Kenneth Rosengren, Quality Manager, Houdaille- 
Hershey Corporation, Houde Engineering Division, 


Buffalo, New York 


QUALITY CONTROL AS A METHODS IM- 
PROVEMENT FUNCTION IN AUTOMOTIVE 
AND AIRCRAFT PARTS MANUFACTURING 

Emil F.. Gibian, Chief Industrial Engineer, Thompson 

Products, Inc., Cleveland, Ohio 


PROBLEMS OF RECEIVING INSPECTION AND 
THE ASSEMBLY LINE 

William H. Smith, Manager, Analysis Department, 

Quality Control—Manufacturing Staff, Ford Motor 

Company, Dearborn, Michigan 


QUALITY CONTROL IN THE ASSEMBLY OF 
THE JEEP 

Nelson G. Meagley, Manager, Statistical Quality 

Control, Willys-Overland Motors, Inc., Toledo, Ohio 
























AUXILIARY PROGRAM FEATURES 





Transactions 
Bound volumes of the technical proceedings will be 
available at the Convention, thus providing a per- 
manent record for future reference and study. 

Exhibits 
On the basis of booths already reserved, this Con- 
vention will be able to offer visitors more exhibits 
than have thus far been shown at any ASQC Con- 
vention. Many new and interesting types of ex- 
hibits will be presented, featuring a broad scope 
of instrumentation in the SQC field. Large back- 
ground murals, quality control at work, and practi- 
cal demonstrations of equipment are among the 
items planned to make these exhibits a vital addition 
to the general program and a valuable educational 
aspect of the Convention. 

Brief previews of a number of these exhibits are 

found elsewhere in this issue of Industrial Quality 

Control 
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Book Stall 
A collection of books representing a comprehensive 
cross section of typical SQC literature will be main. 
tained as a service for visitors to the Convention 
Competent technical advisers will be present 4 
discuss questions relating to the textbook field 
Purchases may be made or orders placed at the 
Book Stall, and a “Meet the Author” feature has 
been arranged so that purchasers desiring to do » 
may have some of these books autographed by thei; 
respective authors. 

Special Program of Interest to the Ladies 
The Convention Committee has not overlooked the 
“social side” of the program for the benefit of the 
ladies. These activities will begin with a pleasant 
uncheon on Wednesday in the lovely Private 
Lounge of the Higbee Company which is imme- 
diately adjacent to the Hotel Cleveland. Following 
this luncheon there will be a style show at which 
the latest trends in the world of feminine fashions 
will be displayed. 

Thursday there will be a personally conducted tou 
in special busses to the many points of interest in 
Cleveland, including Shaker Heights, world famous 
residential district, Parks, Museums, and especiall) 
the nationally famous Cleveland Health Museum 
the only one of its kind in the country. 

A nominal fee will be required to defray expenses 
of the Ladies’ Program. A special registration desk 
for the convenience of the ladies will be maintained 
on the Mezzanine floor of the Hotel Cleveland t 
serve those who have registered for this progran 

Society Committee Meetings 
The Convention will officially close at 6 P. M. a: 
Thursday, May 24. In order to give Society com- 
mittee members maximum freedom to attend the 
program sessions of the Convention, Friday, May 
25, has been reserved for official ASQC committe: 
meetings. 

Committee chairmen have schedules of these meet- 
ings and all the members of Society committees wil 
be contacted by their respective chairmen and noti- 
fied of the time and place of committee meetings 
These committee meetings will be climaxed by 
Directors’ meeting followed by a Directors’ banquet 
at 6 P. M. on Friday. ( Incidentally, the Cleveland 
Indians are playing at home Friday night. A good 
excuse to stay over!) 

Convention Brochure 
The Planning Committee has scheduled for nation- 
wide distribution (including all members of ASQC 
a Convention Brochure giving specific program 
details as to subject, speaker, moderator, time, ance 
place. Included also will be a separate registration 
blank and another separate form giving essential 
data on hotel accommodations in Cleveland. Dis- 
tribution of this brochure has been timed to coincide 
approximately with the mailing of this issue 
Industrial Quality Control. 


If you have not received your copy of this brochure 
or if you can use extra copies to good advantage 
write to the Convention Registrar: 
Mr. W. H. Coughlin 
Box 3035 Euclid 17, Ohio 
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CLEVELAND —THE 


Terminal Tower and Public Square—Hotel Cleveland at 
Right Center—Convention Headquarters located here 


Like a giant Indian sentinel watching over a sprawl- 
ig, vigorous city, Cleveland’s Terminal Tower first 
ommands the attention of the visitor. And well it may, 
r, outside of New York City, it is the world’s tallest 
building, reaching 52 stories and 708 feet into the azure 
sky while below it, with a vast network of rails, is the 
Union Station. 

Sheltered under one arm of our sentinel is the 
arge, comfortable and colorfully decorated Hotel Cleve- 
land, headquarters of the Fifth Annual Convention of 
the American Society for Quality Control. To the north- 
east, some six blocks away toward Lake Erie, is the 
huge Public Auditorium, a convention hall with unex- 
celled facilities for meetings and exhibitions, having a 
permanent seating capacity of 12,500 and which can be 
used simultaneously for nearly a dozen separate events. 
Here will be held on Wednesday and Thursday, May 
23rd and 24th, the official Convention program with its 





Public Auditorium—Where Technical Program, 
Exhibits, and Luncheons will be held 


CONVENTION CITY 


Shoreline and Central Business District of Cleveland— 
Looking East from Terminal Tower 


more than 50 speakers of national renown in the Quality 
Control field and with its many interesting exhibits from 
all parts of the United States. Representatives of prac- 
tically every known type of industry are expected to be 
in attendance. 

There is an apocryphal story, which has been widely 
repeated, to the effect that if a traveling group of 
Clevelanders came to a fork in the road and the sign 
pointing along one direction stated, “To Heaven”, and 
the sign pointing along the other direction stated, “To a 
Convention to Discuss the Advisability of Going to 
Heaven”, the Clevelanders would, with no hesitation 
whatsoever, hurry along to the Conventon. This is a 
gross calumny, of course, but the fact remains that there 
have been many excellent Conventions held in Cleve- 
land over the past years and the natives have the repu- 
tation of being able to put one on with a rather fair 


degree of success! 


Auditorium Music Hall—Where General Assembly 
Session will be held 
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Industry—Night View of Steel Plant 


With more than one-half of the population of the 
United States and Canada living within 500 miles, and 
with more than half of the nation’s manufacturing done 
within the same territory, Cleveland is the natural cen- 
ter of a huge production and distributing area and is 
well equipped with convenient and modern transporta- 
tion facilities of all kinds. 

The great, silent forests which once marked the 
territory where Cleveland now stands are long since 
gone. John D. Rockefeller, Mark Hanna, the Mathers, 
the Van Sweringens, Newton D. Baker, and other giants 
have also come and gone. They have left their mark 
on the city in the flaming steel mills, the stark domes 
of the refineries, the squatty oil tanks, the gigantic ore 
boats, and the thousands of large and small varied 
manufacturing plants. Although Cleveland is one of the 
world’s great steel-manufacturing and ore-handling 








On display in the Brown & Sharpe 





Preview of Convention Exhibits 


BROWN & SHARPE its line of industrial 
ments. In the FAXFILM processes, the 


The Fine Arts Garden of Cleveland Museum of Art 





centers, so also is it a city of pleasant tree-filled parks 
and winding drives; a city with more than 14 miles of 
lake front, with the white sails of hundreds of sail-boats 
dotting the blue waters of the lake in spring and sum- 
mer; and a city of lovely residential suburbs with color- 
ful gardens and attractive homes. The lakefront Stadium 
with a seating capacity of 80,000 is the home of the 
Cleveland Indians and the world’s champion professional! 
football team, the Cleveland Browns. The Art Museum 
and the surrounding Fine Arts Garden are unsurpassed 
in beauty by any in the country; Cleveland excels in 
the cultural as well as the industrial arts. 

Yes, Cleveland is an interesting city and a friendly 
city to visit—there is much to do and much to see. § 
be with us in May for as long as you can; you will be 
very welcome and we are sure that you will find you 
stay not only well worth-while but also most enjoyablk 














research instru- The Model BL-103 “Surface Ana- 
lyzer” is an instrument designed fo: 








booth will be a complete line of Elec- 
tronic Production Gaging and Inspec- 
tion Equipment providing reliable 
measurements electronically in units 
varying from .0001” to .00001”. 

Representative Johansson Gage 
Blocks and Accessories, and displays 
featuring Jo-Blocks, a complete line of 
Brown & Sharpe Precision Tools in- 
cluding the new Brown & Sharpe Line 
of Micrometers, Permanent Magnet 
Chucks and other items from the line 
of Brown & Sharpe Precision Products 
used extensively in aiding in the main- 
tenance of Quality Control will also 
be on exhibit. 


BRUSH DEVELOPMENT 


The Brush Development Company 
takes pleasure in announcing the addi- 
tion of the FAXFILM Comparator to 
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exact reverse replica of a test surface 
is quickly made in clear plastic. Pro- 
jection of this replica in a micro-pro- 
jector provides a magnified representa- 
tion of the surface with marked 3-di- 
mensional effect. By comparing FAX- 
FILM projections of standard and work 
specimens, average roughness of the 
work specimen can be estimated with a 
high degree of accuracy. 


The BL-1502 and the BL-1507 devia- 
tion test bridges were designed for fast 
and efficient production inspection of 
resistors, capacitors and _ inductors. 
These instruments have also found 
many applications in laboratories for 
such uses as a direct measurement of 
very small capacitances or any special 
measurement based on comparison be- 
tween two close impedances. 
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the exploration and charting of surfac¢ 
finishes in metals, glass, wire, plastics 
paper, plated and painted surfaces and 
tool cutting edges. 

The Brush Development Compan) 
will exhibit in Booth #25 at the ASQC 
Convention in Cleveland, May 23-24 
1951. 


CLEVELAND GRAPHITE BRONZE 
The Cleveland Graphite Bronze Com- 
pany exhibit will be located at Boot! 
63 and will feature the operation 
several types of gauges used in check- 
ing and cross-checking lined bearings 
and bushings in the quality contr 
program of the company. Lawrence 
Myers, chief inspector, and members 0! 
his staff will be in charge. 
Cleveland Graphite Bronze is thé 
originator of the thinwall type of sleev' 
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which is now standard for 
ind rod applications throughout 
itomotive industry. Very rigid 
al, metallurgical, and chemical 
ion and control throughout the 
manufacturing process are re- 
to insure uniform high quality. 
f the most important inspections 
parting line height and wall 
kness, both of which will be dem- 
ited at the exhibit. 


INTEGRATED INSPECTION 
EQUIPMENT FEATURED AT 
DoALL EXHIBIT 


The DoAll Company, Des Plaines, 
Illinois, will exhibit a complete line of 
integrated inspection and gaging equip- 
ment during the 5th National Conven- 
tion of the American Society for Qual- 
ity Control to be held May 23 and 24 
in the Cleveland Auditorium. 

The DoAll exhibit to be displayed by 
the DoAll Cleveland Company will fo- 
cus attention on the importance of Gage 
Blocks as the basic measuring standard 
to be used in controlling all other 
measuring instruments. Demonstrations 
will show how DoAll Gage Blocks and 
DoAll’s integrated line of precision 
measuring instruments are used in all 
phases of manufacturing to maintain 
juality control of the products being 
made. 

In DoAll’s line of integrated inspec- 
tion equipment are not only Burr-Proof 
Gage Blocks but also Comparators, Dial 
Indicators, Gage Block Accessories, 
Micrometers, Monochromatic Lights, 
Optical Flats, Surface Plates, and a 
variety of Plug, Ring, Snap and Thread 
Gages. 

In attendance at this DoAll exhibit 
will be gage equipment technicians 
from DoAll factories and Sales Engi- 
neers from the DoAll Cleveland Com- 


pany 


ELLIOTT SERVICE COMPANY 


Elliott Displays and Other “Quality- 
Promotion” Aids on exhibit will in- 
lude: 

Complete Quality - Cost -Production- 
Display unit, same as used by many 
‘ompanies whose Quality Managers are 
members of the A.S.Q.C. 

For your interest, Elliott will have 
available several hundred colorful 17” x 
22” displays, just as they have been 
sent every week to publicity-minded 
executives. 

this is being written, we are de- 
veloping “quality” displays which will 
be published before May 23rd, reflect- 
urrent manufacturing problems in 
light of world conditions and the 
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defense program. These will be on ex- 
hibition at the Convention. 

Supervisory development bulletins, 
complete quality publicity programs, 
booklets, and conference outlines—all 
for your inspection at Booth #44. 

Experienced field engineers will be 
ready to answer your questions. 


FEDERAL PRODUCTS 


“ederal Products Corporation, Provi- 
dence, Rhode Island, will exhibit in 
Booth #20 a complete display of proj- 
ects it has promoted in the interest of 
Quality Control by Statistical Methods. 


This company has held 21 week-long 
Quality Control Conferences, attended 
by over 1,000 executives interested in 
learning the practical aspects of Qual- 
ity Control. A total of over 500 plants 
have been represented at these courses. 


The display will give an outline of 
what this work covers, emphasizing 
that the object of our Quality Control 
course has been to stress the practical 
aspects of the subject. 


Over 40,000 copies of our Federal 
Dimensional Quality Control Primer 
have been furnished to interested peo- 
ple. Seven editions of this booklet have 
been printed in four years. Three Sta- 
tistical Quality Control forms for prac- 
tical shop use have also been made 
available. Thousands of these forms 
are used in industrial plants. 


In addition to this display, Federal 
Products Corporation will exhibit its 
entirely new Dimensionair gage which 
has the outstanding feature of an ex- 
ceptional .003” range enabling greater 
application and adaptability. It also has 
outstanding stability. It is entirely free 
of drift after a period of hours, days or 
weeks. Gaging plugs can be inserted at 
any arigle. Setting the gaze is a matter 
of only a few seconds. It is extremely 
simple, quick and positive. This Air 
Gage measures the dimensional varia- 
tion directly on its graduated scale, 
hence only one master is required for 
setting. Tolerances are read directly on 
the scale just as on a Dial Indicator. 
Gage plugs and hose connections are 
made finger-tight without wrenches 
All plugs can be used under coolant 
oil, and because of the exceptional 
range, grit does not interfere with the 
measurement. 


There will also be a display of mis- 
cellaneous Indicating Gages; all practi- 
cal for use in connection with Dimen- 
sional Quality Control. 


FRIDEN CALCULATING MACHINE 
COMPANY 

The Friden fully automatic Calcu- 
lator, which will be exhibited at the 
ASQC Convention in Cleveland May 
23-24, is ideally suited to quality con- 
trol calculations. Automatic accumula- 
tion of products and Magic Division, 
exclusive Friden features, facilitate the 
rayid calculation of averages. The 
Friden exclusive separate multiplying 
keyboard and control keys provide in- 
stantaneous, automatic multiplication, 
including automatic dial clearance, car- 
riage positioning and decimal point. 
Separate control keys eliminate the 
need for conditioning the machine for 
accumulative or negative multiplica- 
tion. Constant factors can be locked 
on either keyboard, and both are visible 
before calculation. 

Magic Division is completely auto- 
matic division, including automatic po- 
sitioning of the carriage and automatic 
decimal point. Individual answers may 
be automatically accumulated for a 
grand total. 

A positive keyboard lock and indi- 
vidual column locks retain a factor set 
on the keyboard and prevents acciden- 
tal depression or release of any key. 
Split Dial Clearance and Accumulator 
locks permit two amounts to be reg- 
istered in the upper dials simultaneous- 
ly and accumulated or cleared sepa- 
rately. 


FORD MOTOR COMPANY 


The exhibit to be presented by the 
Ford Motor Company will include ac- 
tual examples of Chart Control tech- 
niques as currently applied by the 
Company to its Receiving, Machining 
and Processing and Assembly Opera- 
tions 

For those contemplating the adop- 
tion or expansion of similar quality 
control programs the Ford exhibit of 
its statistical quality control training 
plan and its Vendor Certification Plan 
should prove particularly interesting. 

Added features include displays of 
quality control procedures, statistical 
quality control pamphlets (which will 
be available at the booth), and the 
presentation of 


quality promotional 


ideas and devices. 


JOHNSON GAGE COMPANY 

The Johnson Gage Company displays 
a complete line of (fixed) Gages and 
(indicating) Comparators for economi- 
cally and technically sound Inspection 
and Quality Control of Screw-threads 
of all types and under all conditions in 
Booth #26 
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The display of equipment constitutes 
a full progress report and demonstra- 
tion of the tremendous developments 
in the field of screw thread gaging from 
traditional thread “ring” and “plug” 
gages, and other “fixed” type gages, 
through analytical Comparators—To- 
day’s Foundation for Tomorrow's Rep- 
utation. 

Equipment for both Internal and Ex- 
ternal threads are included. The dis- 
play also includes (indicating) Com- 
parator type taper (pipe) thread 
inspection equipment. 

The now recognized responsibility of 
gage manufacturers to provide ade- 
quate means for readily determining 
wear of (working and inspection) prod- 
uct inspection equipment will be shown 
in the Johnson “Setting and Wear- 
check” (plug and ring) gages. 

Means for the application of the 
above equipment, which constitute the 
“Johnson System,” to Statistical Quality 
Control will also be presented. 

JONES & LAMSON 

The Jones & Lamson Machine Com- 
pany will exhibit two of their Optical 
Comparators at Booth 47 

The 14” Pedestal model with high in- 
tensity illuminating unit and power 
operated table elevating attachment, 
complete with measuring attachments 
and accessories will be shown, as well 
as a 14” Bench model similarly 
equipped with all measuring attach- 
ments. 

Also of interest will be a display of 
standard precision made charts which 
are valuable accessories for these ma- 
chines. Jones & Lamson personnel will 
be in attendance to demonstrate the 
operation of the machines and to dis- 
cuss their possible application to par- 
ticular problems of quality control. 


MONROE EXHIBITS SQUARMATIC 

The Monro-Matic, affectionately re- 
ferred to by many Statisticians and 
Quality Control Engineers as_ the 
“Squarmatic Monroe, the’ calculator 
with the automatic squaring lock,” will 
be featured in Booths 11 and 12. The 
Monroe exhibit will be under the su- 
pervision of John Wilson, Monroe 
Quality Control Engineer, and Edson 
Small. Part of it will consist of Quality 
Control methods employed by the Mon- 
roe Calculating Machine Company in 
its home plant at Orange, New Jersey. 

The remainder of the exhibit will be 
devoted to demonstrations throughout 
the exhibit hours of the simplified 
Monroe methods for control chart tech- 
niques involving the Average and 
Range Method, Standard Deviation, 
Skewness, Kurtosis, and Chi-Square, 
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together with Linear, Multiple, and 
Partial Correlations on the Monro- 
Matic and the Monroe Model 410 Add- 
ing Machine. 

Copies of these various methods for 
both grouped and ungrouped data, to- 
gether with the Monroe square root 
tables will be available for distribution. 

The Monro-Matic comes in several 
models, all of which are applicable for 
the use of Quality Control Engineers. 


OHIO RUBBER COMPANY 
Products manufactured: Automotive 
floor mats, mechanical molded rubber 
goods, and extruded rubber products. 

Examples— motor mounts, vibration 

dampers, gun butts, lawn mower tires, 

etc. 
Quality Control applications featured: 

1. Control of defectives on mechanical 
trimming and punching of automo- 
tive floor mats. Use of simple check- 
off type hourly control sheet, weekly 
summary and history chart. Interest- 
ing “king-size” visual Quality in- 
dicators using brilliant fluorescent 
paint to catch attention. Reduction of 
defectives on high volume production 
from 3% to %% or less. 

2. Reduction of defectives on a typical 
rubber molding operation. Process 
control through simple fraction de- 
fective charts—substituting written 
operating limits in place of statistical 
control limits. Sampling from multi- 
cavity molds, where each heat may 
vary from every other heat. 

3. Control of adhesion quality on rub- 
ber to metal bonding job, through 

charts on destruction test 


' 


control 
results. 


PHYSICISTS RESEARCH COMPANY 


Physicists Research Company (Booths 
21 and 22) will demonstrate the com- 
plete line of Profilometer equipment 
for direct measurement of surface 
roughness in the shop. This includes 
manually- and mechanically-operated 
Tracers for measuring practically all 
surfaces—internal and external— 
straight, tapered and circular—that can 
be produced by machining, grinding 
and finishing operations. 

Among the units in operation will be 
(1) the portable Mototrace, for straight- 
line mechanical tracing; (2) the Linear 
Pilotor, for siraight-line tracing on 
extra-smooth and hard-to-reach sur- 
faces; (3) equipment for manual trac- 
ing on surfaces of many types and lo- 
cations; (4) the Rotary Pilotor,, for 
tracing on arcs and around surfaces of 
rotation; and (5) the Reading Recorder, 
for obtaining a permanent chart record 
of Profilometer meter readings. 


“Quality Control—Today’s Foundation for Tomorrow's Reputation” 





Field representatives will be on hang 
to explain how the Profilometer is use, 
in production departments to say: 
time, material and skilled labor throug) 
proven quality control techniques. 


SHEFFIELD QUALITY CONTROL 
EXHIBIT 


Case histories of the use of gage; 
and gaging instruments in quality con. 
trol will be featured at the Sheffiel 
exhibit in the Quality Control Conven- 
tion in Cleveland. These case historie: 
will be selected from among repre. 
sentative industrial firms and wil] ip- 
clude complete performance data. 

Ball-jet and Blade-jet Precisionair 
spindles for rough and _ interrupted 
holes will be presented. 

New adjustable air spindles to cove 
a range from one to six inches wi 
also be shown. These are particular) 
useful to small manufacturers who hav: 
small runs of a great variety of sizes- 
and as standbyes too for large users 
air gages. 

Actual demonstrations of such in- 
struments as Column and Dial Preci- 
sionaires, Visual Gages, Electricheks 
and Multicheks will be given in the 
booth. Also exhibited for the first tim: 
will be a high amplification Precision- 
aire Gage in which amplifications 
ranging from 50,000 to above 100,00 
to 1 are available. 


L. S. STARRETT COMPANY 


The L. S. Starrett Company of Atho 
Massachusetts, manufactures a complete 
line of Dial Indicators and Dial Gages 
for Production Inspection and Quality 
Control and will display them at the 
5th National Convention of the Ameri- 
can Society for Quality Control in th 
Cleveland Auditorium, May 23 and 24 
1951. 

Also on display will be many othe 
items essential to the Quality Contr 
Program including Micrometers of a! 
types with the new satin chrome finish 
Height Gages, Gear Tooth Vernier 
Calipers, Depth Gages, and many othe: 
Hand Measuring Tools. 

In attendance at Starrett Booth N 
37 at the Convention wil: be Mr. W. J 
Greene, Vice President in Charge ° 
Sales; Mr. W. W. Haskins, Wester 
Sales Manager; Mr. R. E. Bracket! 
Dial Gage Sales Engineer and Mr. R. £ 
Abare, Factory Representative in th 
Cleveland Area. 






















































TAFT-PEIRCE 
Of particular interest to Quality Con- 
trol men will be the exhibit of The 
Taft-Peirce Manufacturing Compan) 
On display will be several single an 
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dial CompAIRator Air Gages, 
ed with standard air plug, air 


ind air snap gages. In addition, 
se special fixtures designed for 
‘complex gaging operations will 
‘ played. All gages will be con- 
ec and in working order to permit 


Quality Control men to verify the out- 
standing features of this air gage. A 
ymplete file of photographs will also 
be available to illustrate special appli- 
cations requiring multiple measure- 
ments or sorting of parts. 

Among the large selection of stand- 
rd Taft-Peirce gages and small tools 
lisplayed will be the micrometer plug 
gage, a versatile tool for the “trouble 
shooter,” permitting measurements of a 
wide range of internal dimensions. 

By any standard this exhibit is a 
must” for Quality Control men. 

WEBBER GAGE 

Several new ideas in precision meas- 
iement have been developed by 
Webber Gage and will be on exhibit at 
the American Quality Control Conven- 
tion, May 23 and 24. 

A method of checking tapers has 
been worked out that is credited with 
removing all doubt or differences in 
existing methods. Webber Taper Chek 
yields a taper accuracy of .000020” in 4 





inches and gives the same answer 
wherever used. 

A new Thermal Comparator is an- 
other device to assist quality control 
engineers who work with brass and 
aluminum at extremely close tolerances. 
The Comparator tells the difference in 
expansion in exact inches between gage 
blocks and the part, thus enabling the 
workman to allow for such differences 
in determining the exact measurement 
of the part. 

Thermo Guards have been added to 
all Webber Carblox Carbide Gage 
blocks in sizes above 1”. Thus any 
changes in dimensions that may occur 
in large blocks due to handling is 
minimized. These finger grips enable 
the user to make repeated inspections 
without fear of error due to body heat 

These are the contributions of Web- 
world’s largest 
maker of gage blocks for further rais- 


ber Gage exclusive 
ing the quality in the metal working 
industry. 

The Angle Block and the TRU 
SQUARE introduced by Webber Gage 
previously have greatly simplified in- 
dexing and the measurement of angles. 


WILLYS-OVERLAND MOTORS, INC. 


A new model of the world-famous 
military Jeep will be included in the 


Willys-Overland Motors “Quality Con- 
trol” display at the Fifth National Con- 
vention of the American Society for 
Quality Control. In addition, a Jeep 
engine complete with transfer case will 
be in the exhibition with illustrations 
and charts showing the Statistical 
Quality Control Methods employed in 
the manufacture of the parts and as- 
semblies of these vehicles known the 
world over for their stamina and de- 
pendability. 

An array of photographs will show 
quality control as it is applied in 
Willys-Overland’s Forge Shop, the 
Foundry, Press Shop, Body Shop, Paint 
Shop, Machine Shops and along as- 
Charts, diagrams and 
reports will illustrate methods of qual- 


sembly lines. 


ity analysis. 

Another portion of the display will 
feature the use of quality control by 
Willys-Overland Emphasis 


here will be placed on their use of X, 


vendors. 


R, and p chart systems, inspection by 
sampling tables, and certification of 
quality. 

Representatives of Willys-Overland 
will be present to explain the use of 
quality control at Willys and to discuss 
further application of these methods 


by the company’s vendors. 
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Quality Control at Talon, Incorporated’ 


J. STUART ZAHNHEISER 


Assistant Manager of Inspection 


MONG quality control people 

there are differences of opinion 
as to how a statistical quality control 
program should be introduced and 
as to its relationship to the rest of 
the manufacturing organization. The 
right way to handle such problems 
depends on the individual manufac- 
turing organization. There may be 
more than one right way to do the 
job in some companies. This article 
attempts to set forth what seemed to 
be the right procedure for Talon, 
Inc. 

We had a strong, well-developed 
inspection organization with many 
years of experience. The history of 
this department was that a good job 
had been done in keeping defective 
material from going to customers. 
However, much was to be desired in 
the matter of reduction of the cost of 
inspection and in the matter of re- 
duction of scrap costs along the pro- 
duction line. 

Into this situation were introduced 
new techniques of statistical quality 
control. These techniques were in- 
troduced without any special train- 
ing of our personnel and without 
setting up a special organization and 
without the addition of much ex- 
pense. This approach has been suc- 
cessful in all of our four major 
manufacturing plants. However, the 
details given in this article will be 
primarily associated with one of 
these plants, Plant 7, specializing in 
metal fabrication. First, however, 
some information about the company 
as a whole will add to the reader’s 
understanding of the situation in the 
one plant selected for detailed de- 
scription. 

We make slide fasteners, common- 
ly called “zippers.” Competitors are 
many and competition is keen. We 
are very cost conscious. Our prod- 
uct is a precision product. Tool tol- 
erances of tenths are common and 
product tolerances of 1 to 6 thou- 
sandths are the rule. 

A zipper looks simple but its 
manufacture is complex and involves 
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Talon, Incorporated, Meadville, Pa. 


a good many different fields. We buy 
raw materials in the form of alumi- 
num and copper alloy wire, cotton 
and nylon tape, cord, thread, and 
enamels. We fabricate the metal by 
rolling, coining, stamping, anneal- 
ing, plating, and enameling, followed 
by some intricate assembly work on 
certain types of components. The 
textile materials involve sewing, 
cutting, and laundry problems. The 
business of combining metal and 
fabric parts into an assembly which 
is sensitive to differences of very 
small parts of an inch is far from 
simple. We make the product come 
out right in the end by careful con- 
trol of our raw material purchases 
and by strict attention to tolerances 
along the production line, followed 
by a rigid final inspection. Current- 
ly we are producing in excess of 
1,000,000 finished zippers a day. 


The Manager of Inspection is re- 
sponsible for all inspection and 
quality control functions. He reports 
to the General Manager of the Cor- 
poration. The duties of the Inspec- 
tion Division, under the Manager of 
Inspection, are to prevent defective 
parts from going to customers, to 
prevent excessive manufacture of 
defects, and to report on matters 
relating to quality to Production 
Supervision and to Management. 


In each plant there is a Plant Chief 
Inspector, who in turn handles all 
inspection and quality control func- 
tions in that plant. The Plant Man- 
ager is responsible for all other func- 
tions in his plant and the high de- 
gree of coordination required be- 
tween the Chief Inspector and the 
Plant Manager is obtained by a very 
carefully worked out relationship 
between the Plant Manager and the 
Plant Chief Inspector. 

With this background, we turn to 
the particular plant that will be used 
as an éxample of the introduction of 
statistical quality control to Talon, 
Inc. 

The quality problem which faces 
this plant in the manufacture of slide 
fastener components is a_ peculiar 


D. LEHMAN 


Chief Inspector, Meadville Plan 


one, in that it is required to hold 
exceptionally high standards of 
quality for a relatively low cost arti- 
cle. Except for the volume of fasten- 
ers which are sold over the counte: 
for home sewing, the bulk of ow 
product is used by other manufac- 
turers who insert it into articles 
ranging in retail value from 50c to 
over a hundred dollars. The fact that 
our product is worth only a few 
cents does not mean that we can 
send out parts which will fail in use 
or which, though functional, wil! 
present a poor appearance. In mass 
producing over a million units a day, 
the shop never knows whether a 
specific lot of fasteners will be ap- 
plied to articles sold in the bargain 
basement or to a suit retailing fo: 
$100, or to an expensive piece of 
luggage. We are required to assume 
that each zipper made will even- 
tually become an integral part of a 
high-quality, high-priced article. At 
the same time, the parts must be 
produced in a highly automatic man- 
ner and at high rates of speed ir 
order to keep costs at competitive 
levels. 

OPERATION OF THE INSPEC- 
TION DIVISION BEFORE 
CHARTS WERE APPLIED 

Clearly, the function of the In- 

spection Division in a plant which 
faces concurrently these two prob- 
lems of high speed and precision 
becomes a major one in terms of dol- 
lars spent and people employed. For 
many years prior to the inaugura- 
tion of statistical quality control 
methods we accepted, in Plant 7, a 
ratio of one inspector for every four 
production operators. The majority 
of these inspectors were used to sort 
out defective pieces. This prevented 
application of defective parts to fas- 
tener chain and possible shipment to 
our customers. Inspection by ac- 
ceptance sampling was relatively un- 
important but was used to a moder 
ate extent for non-critical defects 


In addition to the large numbe! 
people employed in sorting ope 
tions we retained (and still do 
staff of Process Inspectors, or “li: 
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ctors as they are sometimes 
d. They continually check the 
iuct as it comes from the auto- 
ec machines and try to reduce the 
ber of defects being produced. 


1e function of these inspectors is 
| to the quality control program 
in effect. The process inspector 
iven authority to shut down ma- 
es which he finds are making 
terial out of tolerance. He de- 
ides, after checking each machine, 
hether or not it can continue to 
rate; if sub-standard, whether 
product is to be isolated through 
remaining operations; whether 
or not it can be salvaged by special 
attention at a following operation; 
whether it needs to be sorted or 
junked. The process inspector is an 
auditor and a gatherer of data, but 
he also serves as an. enforcement 
agent. 
INSTALLATION OF CONTROL 
CHARTS 

In June, 1946, we applied our first 
quality control charts to the produc- 
tion line in making zipper compo- 
nents. Extensive preparation in ad- 
vance of the starting date enabled 
us to expand their use rapidly so 
that within three months we had vir- 
tually all machines of many differ- 
ent types covered with simple pn and 
p charts. At Plant 7 alone we main- 
tain 300 such charts on the process- 
ing line. Of the charts in use in this 
plant, well over half are the conven- 
tional variety. The only respect in 
which these pn and p charts are 
unusual is that we find them effec- 
tive even when samples as low as 20 
pieces are taken. 

We use perhaps forty charts for 
variables, primarily for strength 
factors where tests are destructive 
and it is essential to keep samples 
sizes as low as possible. 

One variety of the percent defec- 
tive chart has been developed which 
met a situation we couldn’t find cov- 
ered in the texts at our disposal. In 
the shop we call it a “shut-down” 
chart. We will digress for a moment 
to describe it. 

While gathering preliminary data 
for the inauguration of control charts 
we found that we could not apply 
the usual methods to several of the 
highly repetitive and almost fully- 
automatic operations. One such op- 
eration is a large group of multiple- 
station blanking and forming presses 
used for fabricating sliders. 

As the product comes from these 
presses, there are 57 separate char- 
acteristics that require an inspector's 
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audit. It takes two or three minutes 
to complete the examination of a 
single piece. Yet the combined pro- 
duction from these presses reaches 
more than a million a day. To cover 
this job with a series of charts for 
variables would require a minimum 
of 15 inspectors, and such an elabo- 
rate plan would be hard to justify 
from the point-of-view of cost. The 
usual pn charts were found to be 
inapplicable because, in any reason- 
ably small sample size, the pieces 
taken at any time were all alike, 
either all good or all bad. Now sup- 
pose that n = 50 and that in a series 
of 10 consecutive samples we get 
results of zero defectives three times 
in a row, then a sample which is 
all bad, then six more samples free 
of defects. Obviously sample #4 is 
out of control, and with the product 
coming 100% defective at the time, 
shut-down is immediate and the 
type of corrective action indicated 
is usually easy to recognize. But a 
conventional control chart based on 
samples of 50 shows samples to be 
perfect or out of control. 


It might be argued that in such a 
situation no chart at all is needed. 
Yet we sought some means of com- 
paring the performance of the 
presses and operators with each 
other. 

To meet this need we use a chart 
that we call a “shut-down” chart. 
(The chart used on the machines 
merely records whether the piece 
examined at each periodic inspec- 
tion check is good or bad, so n 1 
and this chart is not, of course, a 
conventional “control chart”’.) The 
shut-down chart is a p chart on 
which each point gives the percent- 
age of checks resulting in shut- 
downs for a given press on a given 
shift during a two-week period. On 
this chart n is the number of times 
the press has been checked on this 
shift during the particular period. 
Conventional 3-sigma limits based 
on a typical n of 100 are calculated 
for this shut-down chart. Machines 
that exceed this control limit are 
cited on our reports and the operat- 
ing personnel are called on to ex- 
plain why their machines were shut 
down so much more frequently than 
the rest. (See Supplementary Note 
at the end of this paper for further 
details on setting up and using the 
shut-down chart.) 

The speed of the presses has been 
increased by 32% since control 
charts were first applied. Never- 
theless, we find that the percentage 


of audits which result in shut-down 
has been cut squarely in half. Ob- 
viously the quality of product com- 
ing from them is vastly better than 
it was three years ago, even though 
our charts measure quality only in- 
directly. 

Now we return to our account of 
the introduction of statistical meth- 


ods. 


THE PHILOSOPHY OF THE 
CONTROL CHART METHOD 


When we introduced control 
charts we adopted a simple philos- 
ophy for explaining them to the 
operators whose work was being 
analyzed. We said in effect: “The 
quality of your work will no longer 
be judged on the basis of what we 
would like it to be or even what we 
think you could do. Instead, your 
record will be compared with that 
of your fellow employees doing the 
same type of work. You will be ex- 
pected to produce work of a quality 
reasonably similar to that which 
other people do. For the first time 
we are able, with a well established 
formula, to tell how far from the 
group average your work may de- 
viate before we consider it your 
fault. The allowable amount of de- 
viation from the average of the 
group is represented by this line, 
and we call it your ‘control limit’.” 


At the risk of over-simplification 
we used this approach to the operat- 
ing personnel when we put charts 
at their machines or work stations. 


So far as production supervision 
was concerned we amplified the 
simple philosophy expressed to the 
operators by telling them the kind 
of savings which other industries 
had achieved through the use of 
quality control. We urged them to 
pay no attention to points on the 
chart which were inside the control 
limits. We promised them that if 
the points which fell outside control 
limits were given proper attention, 
quality would be improved. 


Many of the machine operators do 
not agree with our philosophy, even 
now, 3% years later. However, all 
of the production supervisory per- 
sonnel, together with the company’s 
top management, agree with it and 
enforce it. Disciplinary action is of 
course administered on the basis of 
common sense and with full recog- 
nition of all the facts involved in 
each case. However, charts provide 
a logical starting place for deciding 
whether or not an operator is doing 
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satisfactory quality, or at 
comparable to the 


work of 
least quality 
group's average. Today our plant’s 
ratio of inspectors to production 
operators has improved from one to 
four to one to six. This is in spite 
of the fact that continued improve- 
ment in machine design has reduced 
the number of production operators 
needed. These have been 
achieved without adding a staff of 
experts or additional supervisors. In 
fact the number of supervisors has 


results 


been cut almost in half. 


A point which needs emphasis is 
that the results obtained so far have 
been achieved by the extensive 
use of simple statistical techniques 
rather than by the occasional use 
of the more complex techniques. In 
1946, we decided to use to the fullest 
possible extent the few statistical 
methods we understood. It should 
be stated further that at that time 
we understood them only to the ex- 
tent that the average driver under- 
stands his automobile. We accepted 
on faith the formulae used to cal- 
‘ulate control limits. We did not 
understand the mathematical theory 
behind the formulae any more than 
the average driver understands the 
design of an automatic clutch. 


WHY IT WORKED 

It is a fair question at this point 
to ask “What made it work?” Since 
we added no additional people to 
our staff, since we continued to do 
substantially what we had always 
done—how did we obtain such a 
saving? Merely posting a running 
record of our audits on cross-ruled 
paper certainly couldn’t turn bad 
product into good product. What 
then did reduce the defectiveness of 
the product? 

We believe that action taken by 
the production supervisors is the key 
to the improvement. We report op- 
eration levels and recapitulate points 
out of control at semi-monthly in- 
tervals. The Production Superintend- 
ent has each department foreman 
account to him for out-of-control 
situations. The accounting is usually 
required to be in writing. The Pro- 
duction Superintendent is intolerant 
of alibis. He understands his opera- 
tions and the control chart method 
well enough to recognize an attempt 
to represent a part of the chance 
cause system as an assignable cause 
As the result, supervisors take ap- 
propriate action against assignable 
causes. They exert pressure where 
pressure is needed, and they main- 
tain the pressure 
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This intelligent, aggressive action 
by production supervision soon re- 
sulted in fewer defective parts at the 
end of the production line. We were 
then able to sample sliders for major 
defects, as well as minor or inciden- 
tal defects. This is where the saving 
in labor cost of inspection became 
dramatic. 

Furthermore, the mere fact that 
there was an opportunity to “get 
sliders through Final Inspection” on 
a sampling basis provided Produc- 
tion foremen with an added stimulus 
to continue to improve the product. 
The proportion of total product run 
which was good enough to pass ac- 
ceptance sampling has been used, 
along with other factors, as a meas- 
ure of the ability of production 
supervisors by their Superintendent. 

We are continually experimenting 
with the sampling plans used at 
Final Inspection. We use Dodge- 
Romig tables, Army Ordnance ta- 
bles, and in some cases home-made 
plans where it is necessary to have 
higher lot tolerance protection than 
the conventional plans afford. 

Typical examples of the unpub- 
lished plans that we have chosen to 
employ to fit special cases are as 
follows. They are single sampling 


plans: 

Sample Accept. AOQL LTPD 
Size Number 
500 5 0.63 % 1.9% 
500 l 0.168% 0.8% 
300 0 0.12 % 0.7% 


OC curves were plotted for these 
plans, using Table G found in E. L. 
Grant’s “Statistical Quality Control”. 

We chose these plans for the sake 
of their relatively high lot tolerance 
protection, in cases where we were 
not concerned with AOQL as much 
as we were about rare lots of poor 
quality getting passed. 

We watch the process averages of 
each type of slider and each variety 
of defect. When quality improves 
we reduce sample sizes, when it gets 
bad we increase them, or reduce 
acceptance numbers, or both. The 
plans are flexible, and are adjusted 
to suit conditions in the shop as well 
as those in the field. Production 
personnel have an incentive to keep 
levels satisfactory, lest we find it 
necessary to tighten our sampling 
plans. 

SAVINGS REALIZED SINCE 
CONTROL CHARTS WERE 
INSTALLED 

At this point a summary of spe- 
cific savings related to the quality 
control program in this one plant 
appears advisable. 


In 1946 less than half our sliders 
were sent on to fastener assembly 
with batch inspection done by sam- 
pling alone. Now the quantities 
which require piece by piece exam- 
ination prior to assembly are less 
than 20% of the volume produced 
Meanwhile our level of major de- 
fects going to the assembly opera- 
tions has been reduced by half, and 
the number of inspectors needed to 
do the job has shrunk 57%. 
A few other overall statistics are 
of interest: 
1. Scrap has been reduced about 
25%. 

2. Tool life has been improved 
by more than 50%. 

3. Employees engaged in re 
work and repair have been 
cut 46%. 

4. The strength of the assem- 
blies used on applications 
which *require the most dur- 
able sliders has been increased 
by as much as 50%. 

5. Total cost of Inspection has 
been reduced by 32%. 


QUALITY CONTROL IS JUST 
ANOTHER TOOL 

These improvements have been 
obtained without adding any people 
-without employing a single statis- 
tician. We use advanced techniques 
sparingly, and largely for laboratory 
analysis of raw product or end 
product. 

The people who gather our data 
are the process inspectors whos« 
duties were outlined earlier in this 
discussion. Their regular policing 
duties are still performed, and in- 
deed required. 

The people who do the acceptance 
sampling job at the end of the line 
are the same type of operators who 
used to be employed to sort good 
parts from bad. These employees do 
not understand statistical quality 
control. They do substantially what 
they always did, but their findings 
are recorded differently and are 
treated statistically by Inspection 
supervision. The Inspectior. foremen 
who do understand something of the 
statistical approach in analyzing 
data, still are required to spend the 
great majority of their time in the 


routine functions of foremen the 
world over. They have not been 
turned into mathematicians. They 
are still foremen, who administe! 


discipline, train employees, maintain 
labor relations, and personally mak« 
the necessary hundreds of mi 


decisions each day on whether 
not something is 


bad enough 
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ct. They use statistical charts, 
modern sampling tables merely 
another tool along with all the 
niques of leadership and super- 
yn that are common knowledge 
general practice in all forward- 
king industries. 
We believe in these modern qual- 
control methods. So does pro- 
juction management. The manager 
f this plant has said that he would 
er again try to run a plant with- 
them. At the same time he is 

tick to agree that they are only a 

ans to an end, and that their best 
value to him has been that of giving 
him factual data to use in getting 
necessary things done. 

The control charts by themselves 
probably account directly for 10% 
of the quality improvement we en- 
joy after 34% years. The other 90% 
came because machines were over- 
hauled more often, material more 
suited to the job was specified; de- 
sign was changed, both of tools and 
of product. A great many of these 
changes might have come anyway. 
But they would not have come so 
soon, and the basis for their need 
would have been opinion and costly 
tria! and error. 

We look forward to continued im- 
provement. Our troubles are by no 
means over. But now we know how 
to tell where our troubles really are. 
And we have a powerful technique 
for dealing with them. 


SUPPLEMENTARY NOTE 


Typical data for setting up a shut- 
down chart are shown in Table 1. 


In practice we take some broad 
liberties which are not statistically 
sound but which are “hedged” on 
the safe side. 

We find it very practicable to base 
our control limit on the assumption 
that each press has been checked 
100 times, even though the average 
number of checks is not that high. 
The use of n 100 in our calcula- 
tions saves confusion among operat- 
ing personnel. They quickly learn 
that a 10% average is associated 
with a 19% control limit, a 5°% aver- 
age with a 12% control limit, etc. Of 
course, as the number of checks per 
press increases the control limit 
more nearly approaches the average 
line. In the case cited above the 
control limit is 22.6%. In practice 
we would apply a control limit of 
19%, which is the one associated 
with n 100, rather than 50. The 
effect of this practice is occasionally 
to call a press out of control when 
it is not. In this example, if a ma- 
chine had been checked 50 times, on 
a given shift, and had been shut- 
down 10 times, we would cite it in 
our semi-monthly report as being 
out of control because it exceeded 
the limit of 19%. Actually with only 
50 checks performed it would be in 
control at 20%. We recognize this 


TABLE 1 ‘ 


Press 
Number 
1 


Shift 


Number of 


Times Checked Shut-Downs 


Percent of Checks 
Resulting in 
Shut-Down 

4.0% 
12.7% 
10.0% 

6.7% 


Number of 


QUALITY CONTROL HANDBOOK 


Edited by Joserpu M. Juran. New 
York University. Ready in March 


Designed to provide in ready reference 
form the know-how developed in in 
dustry for achieving better quality con 
trol at lower cost. Includes discussions 
of economics of quality, specifications 
of quality, organizing for quality, a 
ceptance, control and assurance of qual 
ity, ete, 


PRODUCTION PLANNING AND 
CONTROL 


By Tuomas M. Lanpy, Cleveland 
rrencher Company. 436 pages, $5.50 


Tells how to install and operate an 
efficient, low-cost system of production 
planning and control and provides a 
complete coverage of installation and 
operation . . . a detailed breakdown 
and analysis of all the functions needed 
for more efficient operation . . . clearly 
explaining the what, how, and why of 
each. 


INSPECTION ORGANIZATION AND 
METHODS 


PHOmMpPsoN, Consulting 
Engineer. 369 pages 


By James E 
Management 
$5.00 


5.507 Here are proved methods for increas 
25.4% — 
- ures, and reducing costs In inspection 
0.0% departments. Outlines a specific meth 
8.6% od for planning, organizing, and oper 
0.0° ating these departments. Includes a 
12.0¢; useful discussion of inspection job r 
quirements and 


16.4‘ ¢ tions, 
18.3% 
6.7° ¢ 
6.7% 


10.0% 


ing effectiveness, simplifying 
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Totals 750 7: 


The percentage of checks resulting in shut-downs in the department Send for copies on approval 
75/750, or 10%. 

The average number of checks per press per shift 750 15, or 50. 

McGRAW-HILL BOOK COMPANY, Inc 


New York 18, N. Y 


In the usual p chart formula n 50; p 0.10. 

The control limit is found to be 0.226, or 22.6%. 

Press #2, on C shift, is in this case out of control at 25.4% and we look 
for the assignable cause. 


330 West 42nd Street 
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fallacy but prefer to simplify the 
calculations and have one control 
limit for a group of machines in- 
stead of assigning each press a dif- 
ferent limit based on the frequency 
of process inspection visits during 
the period. In an application where 
more than 100 audits per machine 





1. INTRODUCTION 


It is recognized that much statisti- 
cal technique revolves around the 
problem of making an estimate of an 
average, a standard deviation, or a 
percent defective in various distri- 
butions. In statistical theory, we 
frequently refer to a descriptive 
constant of a distribution as a para- 
meter of the distribution. Thus X’, 
the average of a bowl of chips, is a 
parameter of that distribution; and 
p’, the percent of red beads in a 
mixture of red and white beads, is a 
parameter of that distribution. In 
this language, it is, then, the estima- 
tion of a parameter that frequently 
engages our attention. 

In some problems, we may require 
a point estimate of the parameter; 
that is, a number which will be used 
in place of the exact (but usually 
unknown) parameter. For example, 
in constructing an X chart, we esti- 
mate the average X’ with the point 
estimate X. In other problems it 
may be adequate to find an interval 
such that we have a_ reasonable 
confidence (yet to be defined) that 
the parameter is in that interval 
For example, if one method of pro- 
duction maintains an average which 
we are reasonably confident is be- 
tween 5 and 8, while another method 
maintains an average which we are 
reasonably confident is between 10 
and 12, then, assuming the higher 
average to be desirable, we might 
well prefer the second method of 
production to the first. 

It is with interval estimation that 
these expository remarks are con- 
cerned. Both point estimation and 
interval estimation are extensively 
treated in statistical literature; but 
the problem of poigt estimation is 
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are performed over the period we 
recommend that limits be estab- 
lished on the basis of the actual size 
of n. 


On the other hand we have found 
it impracticable to call a press out of 
control on the basis of one shut- 
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more difficult. We introduce our 
exposition with an illustrative ex- 
ample. 


2. AN EXAMPLE 


A bow! contains four chips which 
bear respectively the numbers 
0,1,2,3. Thus the bowl average is 
X’ = 15. We propose to exhibit, 
with respect to this bowl, all possible 
samples of three chips each, wherein 
a chip is returned to the bowl after 
it has been drawn so that at each 
drawing there are four chips in the 
bowl. Thus there will be a total of 
64 samples. These samples of three, 
together with the number of ways 
they can be drawn or permuted, are: 


Sample Number of Ways of 
Drawing the Sample 
0,0,0 1 
11,1 1 
2,2,2 1 
3,3,3 1 
0,0,1 3 
0,0,2 3 
0,0,3 3 
1,1,0 3 
11,2 3 
1,13 3 
2,2,0 3 
2,2,1 3 
2,2,3 3 
3,3,0 3 
3,3,1 3 
3,3,2 3 
0,1,2 6 
0,1,3 6 
0,2,3 6 
1,2,3 6 


Each of these 64 samples has its 
own average X and range R. If we 
compute the value of (X—X’)/R 
for each sample and tabulate the re- 
sults, we have: 











down, even though the average per- 
formance for all similar presses jn- 
dicates that it is beyond the statistj- 
cal limit. We also find it necessary 
to disregard presses which are out 
of control but which have been 
checked fewer than ten times during 
the period. 






(X— X’) /R Frequency 
—o2 2 
-7/6 3 
-5 /6 3 
-5/12 3 
—1/4 6 
—1/6 6 
“1/12 3 

1/18 6 
1/18 6 
1/12 3 
1/6 6 
1/4 6 
9/12 3 
5/6 3 
7/6 3 
a 2 


It is seen that 60 of the 64 values 
of (X—X’)/R lie between 7/6 
and 7/6 inclusive. Thus, before a 
random sample of three chips is 
drawn (with replacements), we can 
say that 60/64, (.94 approximately) 
is the probability that the random 
sample will have an average X and 
a range R such that (X—X’) R 
will take a value between —7 /6 and 
7/6 inclusive. Now (X — X’) /R will 
not exceed 7/6 when X + 7R 6 
is at least as great as X’; and 
(X—X’)/R will equal or exceed 

‘74% when X—7R/6 does not ex- 
ceed X’. The preceding probability 
statement can then be revised to 
read: the probability is .94 that in a 
random sample of three from thé 
given distribution the variable X 
7R/6 will be greater than or equal 
to the parameter X’ and the variable 
X —7R/6 will be less than or equa! 
to the parameter X’. Hence 94% of 
the random samples will be such 
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he random interval X —7R/6 
7R/6 will include the para- 
X’. This random interval is 
a 94% confidence interval for 
nd .94 is called the confidence 
cient. 
ee a confidence interval has 
computed on the basis of a 
ym sample, we must guard 


ist the temptation to say that 


94 is the probability that X’ is in 


nterval. For after the sample 


has been drawn, the randomness of 


the 


t 
is Ol 


terva 


f the 


yrocess is over and either X’ 
is not in that particular in- 
l. However, X’ will fall in 94% 
confidence intervals under 


repeated experiments, and hence the 
hoice of the word confidence. 


The space devoted to the illustra- 
tive example could hardly be de- 


fende 


the e 


basic 


d were it not for the fact that 
xample illustrates some of the 
notions about finding confi- 


dence intervals for unknown para- 


meter 


‘s of a distribution. A summary 


f our steps will aid us in subse- 
quent discussions of more interest- 
ing and useful problems. 


(a) 


(b) 





Select the parameter for 
which a confidence interval 
is sought. (We selected X’). 
Construct a formula which 
involves the parameter and 
one or more quantities which 
depend only on the sample. 
(We used the formula 


(X — X’) /R where X and R 
depend only on the sample). 
This formula is then a ran- 
dom variable. 

Obtain the distribution of the 
random variable in (b). 
Choose a confidence coeffi- 
cient and, from the distribu- 
tion in (c), locate two fixed 
values such that the confi- 
dence coefficient is equal to 
the probability that the vari- 
able will take a value be- 
tween the two fixed values. 
(We chose .94 as a confidence 
coefficient and the two fixed 
values were —7/6 and 7/6). 
From the probability state- 
ment about the variable fall- 
ing between two constant 
limits, obtain statements that 
one variable (whose value is 
determined by the sample) 
does not exceed the parameter 
while another variable (also 
dependent only on the sam- 
ple) is greater than or equal 
to the parameter. (Our vari- 
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ables which depend only on 
the sample were X—7R°;6 
and X + 7R/6). If this step 
is to be realizable, some care 
must be exercised in (b). 
The random interval deter- 
mined by these last two vari- 
ables affords a confidence in- 
terval for the parameter with 
the assigned confidence co- 
efficient. 


3. CONFIDENCE INTERVAL FOR 
THE AVERAGE OF A NORMAL 
DISTRIBUTION 


Suppose the standard deviation o’ 
of a normal disitribution is known 
but the average X’ is not known. 
Following the steps above, we may 
find a confidence interval for the 
unknown parameter X’ in the fol- 
lowing manner. 

(a) The parameter is X’. 

(b) Construct the formula 
(X — X’) Vn/o’ where X is 
the average of a random 
sample of n items from the 
normal distribution. 

(c) The distribution of the vari- 
able in (b) is known to be 
normal with average zero and 
standard deviation one. 

Let the confidence coefficient 
be .95. From tables of the 
normal distribution in (c), it 
is found that .95 is approxi- 
mately the probability that 
the normally distributed var- 
iable will have a value be- 
tween —2 and 2. 
(e) The probability is approxi- 
mately .95 that the variable 
X — 20’/\/n is less than or 
equal to the parameter X’ and 
the variable X + 20’/\/n is 
greater than or equal to the 


(d) 


parameter X’. After a ran- 
dom sample of n items has 
been drawn, we compute the 
Sample average X and state 
with 95% confidence that the 


unknown parameter X’ is in 
the interval X 20’/\/n to 
X + 20’/\/n. 


If o’ is not known, but n is larger 
than say 30, we may without appre- 
ciable error use o, the standard de- 
viation of the sample, in place of o’ 
in the above calculations. In the 


case of samples of a smaller number 
of items, step (c) involves the use 
of the “t” distribution and limita- 
tions of space forbid a discussion of 
that distribution. 


The reader 


may 





consult some of the references cited 
at the end of this exposition. 


4. CONFIDENCE INTERVAL FOR 


PERCENT DEFECTIVE 


Let p’ be the (unknown) percent 


defective in a lot and let a random 
sample of n pieces be inspected. Let 
x denote the number of defectives 
found among the n pieces. We seek 
a confidence interval for p’. 


1. 


i) 





(a) The parameter is p’. 
(b) Construct the formula 
(x — np’)/Vnp (1 — p’) 

(c) For large values of n, the 
distribution of the variable in 
(b) is approximately normal 
with average zero and stand- 
ard deviation one. 


(d) Let the confidence coefficient 
be .95. From tables of the 
normal distribution in (c), it 
is found that .95 is approxi- 
mately the probability that 
the normally distributed var- 
iable will have a value be- 
tween —2 and 2. 

(e) The probability is approxi- 
mately .95 that the variable 
zt+2—-2Vitz—x°"/n 

n+4 


is less than or equal to the 
parameter p’ and that the 
variable 

xt2+2V1 t+ x—x*/n 

n+ 4 

is greater than or equal to the 
parameter p’. After a random 
sample of n has been drawn, 
we calculate a 95% confi- 
dence interval for p’ from the 
two immediately preceding 
formulas. 


5. ILLUSTRATIONS 


A random sample of 100 items 
yields an average X of 30.2 and a 
standard deviation o of 5.6. Find 
a 95% confidence interval for the 


average X’ of the distribution 
from which the sample was 
drawn. Since n is greater than 


30, we use o for o’ in (e) of Sec- 


tion 3. Hence the interval 29.1 to 
31.3 is a 95% confidence interval 
for X’. 


. A random sample of 400 items 


shows 40 defectives. Find a 95% 
confidence interval for p’, the true 
percent defective. The formulas 
in (e) of Section 4 show that .074 
to .134 is a 95% confidence inter- 
val for p’. 
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6. CONCLUSION 


The introduction of confidence in- 
tervals represents an advance of 
considerable importance in statisti- 
It is hoped that this 

helped to explain 


cal inference. 
exposition has 





N selecting sample observations 

from a lot of material, one objec- 
tive may be to make valid inferences 
about the lot parameters (mean, 
standard deviation, percent defec- 
tive, etc.) as judged from the sample. 
It is quite feasible to state that as 
the number of units in the sample 
increases, the precision with which 
the lot characteristics can be in- 
ferred from the sample also increas- 
es. The limits within which a 
population (lot) characteristic may 
be inferred from the sample are 
dependent upon the size of the sam- 
ple and the required degree of 
confidence (probability) that the 
true value of the lot characteristic 
lies between the computed limits. 
Thus, the 95° confidence limits of 
the lot characteristic as inferred 
from the sample define limits be- 
tween which the true value of the 
lot characteristic will lie 95% of the 
time in the long run. 


A question usually posed to the 
statistician by the engineer is: “What 
sample size should I take?” As 
noted above, the larger the sample. 
the smaller the confidence interval 
of the population characteristic in- 
ferred from the sample. The size of 
the sample is usually limited by the 
costs of obtaining necessary informa- 
tion. The criteria commonly used 
for determining sample sizes do not 
aim directly at gettipg a confidence 
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their meaning and use. No effort 
has been made to recognize the 
technical details and difficulties of 
finding them. 
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interval of specified width. The 
question now posed is: “What size 
sample of attribute measurements 
should be used so that the sample 
percent defective will lie within 5% 
of the 95% upper confidence limit 
for the lot percent defective?” In 
other words, what sample size is 
necessary so that the sample per- 
cent defective and the lot percent 
defective will not differ by more 
than 5% in 95% of the cases? 
Figure 1 presents a graph of up- 
per 95% confidence limits of popula- 
tion percent defective for various 
attribute sample percent defectives 
as a function of the sample size, 
plotted on semi-logarithmic graph 
paper. As read from the graph for 
16° defective in the sample, an up- 
per confidence limit for population 
percent defective of 21% would 
necessitate a sample of approxi- 
mately 250 units. A sample of 250 
that contained 10°% defectives would 
have an upper confidence limit for 
the population percent defective as 
read from the graph of 14.5%. Simi- 
larly, a sample of 250 having 5% de- 
fectives would have an upper confi- 
dence limit for the population 
percent defective of 8%. Thus, a 


sample of 250 units would adequate- 
ly fulfill the requirement that the 
upper confidence limit of the lot per- 
cent defective shall not exceed the 
sample percent defective by more 
than 5%. 
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Estimating 








From examination of Figure 1, the 
following observations are pre- 
sented on the effect of sample size in 
determining the upper confidence 
limit of the population percent de- 
fective (attributes): 

(a) From the curve reading 5% 
defective in the sample, an in- 
crease in the sample size from 20 
to 100 decreases the upper confi- 
dence limit of population percent 
defective from 25% to 11%; 
whereas an increase in the sample 
size from 100 to 500 only decreases 
the upper confidence limit of 
population percent defective from 
11% to 7%. 

(b) Since the curves are ap- 
proximately parallel, observations 
similar to (a) apply to the entire 
range of sample percent defectives 
that may be encountered in prac- 
tice. 

Figure 2 presents graphs of upper 
95% confidence limits of population 
percent defective for various per- 
cent defectives as estimated from 
variables sample measurements as 4 
function of the sample size, plotted 
on semi-logarithmic graph paper. To 
use these curves, first find the 


normal deviate K, from K, = (Tr - 
X)/o or (Ti — X)/o where X 

mean of sample, o = standard de- 
viation of sample, Ts = uppe! 
tolerance limit, and T: lowe! 
tolerance limit. Then p percent 
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From examination of the graphs estimated from variables data, an i 
n Figure 2, the following observa- increase in the sample size from (b) Except for small percent 
ms are made on the effect of sam- 20 to 100, decreases the upper con- defectives (note graph of p 
ple size in determining the upper fidence limit of population percent 0.13%), since the curves are ap- 
5° confidence limit of the popula- defective from 17% to 9%, where- proximately parallel, observations 
similar to (a) apply to the entire 
range of percent defectives as de- 
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decrease in upper confidence limits 
when variables measurements are 
Figure 3—Comparison of Required Attributes and Variables Sample Size to used in place of attributes is quite 


= oF 


Give Same Upper 95% Confidence Limit of Population Percent Defective insignificant, whereas for small sam- 
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ples the decrease in upper confidence 
limits is considerable. 

The upper confidence limits of the 
population percent defective were 
considered in this study because of 
the administrator’s concern for in- 
ferring the worst possible quality of 
the population from the sample 
Figure 1 was plotted by means of the 
chart prepared by Clopper & Pear- 
son which appeared in reference 
(1). Figure 2 was calculated, using 
the formula (42) on page 30 of 
reference (2) 

Figures 1 and 2 may also be found 
useful in inferring from the sample 
the “worst” lot quality, with 97.5% 


assurance.” 


EXAMPLE 1. A random sample of 
100 units from a lot were given a 
functioning test (attributes-good- 


*Since the upper 95° confidence limits com- 
puted in the graphs are the upper limits of 
a two-sided 95° confidence interval, 242% 


of the time the percent defective of the lot 
might exceed the upper 95% confidence 
limit 
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In Industrial Quality Control, May, 
1949, p. 14, Professor Henry Scheffé 
gives a diagram describing the oper- 
ating characteristics of R charts, 
using kor limits. The diagram has 
the advantage of being valid for any 
value of k, but it has the disadvan- 
tage of requiring interpolation on 
non-linear scales. Figure 1 accom- 
panying this note gives the operating 
characteristics (OC) of R charts, 
using 30n limits. (See Note) Being 
restricted to k=3, it is not as gen- 
eral as the Scheffé diagram, but it 
has the advantage of allowing in- 
terpolation on linear scales. It also 
presents OC curves that have the 
more usual form, which may facili- 
tate their understanding. Since 30 
limits are those most commonly 
used in practice, the limitation of k 
to the value 3 does not place a 
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not-good). Three units in the 
sample of 100 were observed to 
fail. What inference might be 
drawn concerning the “worst” 
non-functioning quality of the 
lot? Entering the sample size axis 
of Figure 1 at 100 and reading up 
to the curve for p 3% defective 
in sample, the upper 95% confi- 
dence limit is read from the Y-axis 
as 8.5% defective. It can thus be 
inferred with a probability of .975 
that the non-functioning quality of 
the lot is no worse than 8.5%. 


EXAMPLE 2. A random sample of 
100 units from a lot were measured 
for a timing characteristic for 
which the specification maximum 
requirement called for 0.75 sec- 
onds. The mean and standard 
deviation of the 100 sample meas- 
urements were computed to be X 

0.63 seconds and o = .064 sec- 
onds. The normal deviate K for 
estimating the percent of units in 
the lot measuring above the spec- 
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ification limit of 0.75 seconds was 

computed to be (0.75 - 0.63) /.064. 

or 1.88. Entering a table of areas 

of the Normal Curve with K 

1.88, the best estimate of the per. 

cent of units in the lot exceeding 

the specification limit was found 

to be 3%. 

To infer the largest percent of 
units in the lot that could exceed the 
specification limit of 0.75 seconds 
with a .975 probability, enter the 
sample size axis of Figure 2 at 100 
and read up to the curve for p = 
3% estimated from variables data. 
The upper 95% confidence limit is 
read from the Y-axis as approxi- 
mately 6% of the population outside 
the upper specification limit. 
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serious restriction on the use of the 
diagram. 

The ordinate of Figure 1 gives 
the probability that R will fall with- 
in the control limits on the first 
sample following an increase in the 
process variability. It thus gives the 
probability of not catching an in- 
crease on a single sample. For ex- 
ample, if N=5 and the process 
standard deviation has tripled (i.e., 
o/o.=3), Figure 1 shows that the 
probability of not catching the shift 
on the first sample taken after the 
shift has occurred is approximately 
.22. The probability of catching the 
shift would be approximately 1— 
.22 = .78. The probability of not 
catching the increase in 5 successive 
samples, say, would be (.22)° = 
.0005, and the probability of catch- 
ing it within that time would be 1— 








LLDLDL_PPOPOPOPOPOP™_¥—POPPPPP 







.0005 .9995, or almost certainty. 

Figure 1 can also be used to de- 
sign R charts. If we wish an R 
chart, for example, to have a_ .9l 
chance of catching a 100 percent 
increase in the process standard 
deviation on the first sample taken 
after the shift, we note that the OC 
curve closest to the point (2, .5) on 
the diagram is the one for which 
N=7. Therefore, if N=7 gives us a 
satisfactory X chart, it is the size 
sample we should use. 


Figure 1 shows how a range chart 
operates with respect to its ability 
to detect increases in process vari- 
ability. It does not show its ability 
to detect decreases in variability, 
which is a much less common pr‘ 
lem. R charts are usually based on 
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s of 4 or 5, and such charts 
no lower limit. They are 
re not an instrument for de- 

decreases in variability. A 
m similar to Figure 1 could 
be constructed, however, that 
1 show the ability of R charts 
on samples of 7 or more to 
decreases in process vari- 


» operating characteristics giv- 

re do not, of course, solve the 

e problem of control chart de- 

Theoretically, the X and R 

ts should be designed jointly. 

In the complete solution, considera- 

yn should be given both to the loss 

rising from delay in catching shifts 

n the process and the cost of main- 
taining the control charts. 

Note: Probabilities can be read from 

F 1 with a margin of error of 

abowt 1 or 2 percent. The following 

re the upper 30 limits for W=R/o: 

N (|3o~ Limit N 

3.687 9 

4.357 10 

4.699 11 

4.918 12 

5.078 13 

5.203 14 

5.307 15 


3o~ Limit 
5.394 
5.469 
5.534 
5.592 
5.646 
5.693 


9.737 


To find better approximations to 
probabilities than those given by this 
chart, divide the 3o~ limit by o/o. 
and look up the probability of that 
value of W or less in E. S. Pearson’s 
table in Biometrika, Vol. 32 (1941- 
12), pp. 302-307. It was in this way 
that the ordinates of the chart were 
computed. 
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P= PROBABILITY OF A POINT FALLING WITHIN 
CONTROL LIMITS ON FIRST SAMPLE TAKEN 
AFTER INCREASE IN PROCESS c. 


OPERATING CHARACTERISTICS OF 
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Book Reuiews 


A. C. Cohen, Jr., Editor 


ACCEPTANCE SAMPLING 
Paul Peach, E. G. Olds, J. H. Curtiss, 
and W. Allen Wallis, American Sta- 
tistical Association, 1950. 155 pp. 
$1.50 (paper). Review by W. D. 
Baten, Michigan State College, East 
Lansing, Michigan. 


This publication, consisting of four 
papers with discussions on each, is a 
report of the symposium held in 
‘leveland in 1946 at the Annual 
Meeting of the American Statistical 
Association. 

‘he first paper “Statistical Devel- 

1ents in Acceptance Sampling by 
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Correspondence and sugges- 
tions concerning book reviews 
should be sent to: 
Professor A. C. Cohen, J’. 
Department of Mathematics 
University of Georgia 


Athens, Ga. 











Attributes Prior to 1941” by Paul 
Peach briefly reviews the work of 
W. A. Shewhart on control charts, 
the applications of Frances Thorn- 
dyke of the Poisson distribution, the 
researches of Molina and Crowell on 
sampling, the Dodge—Romig method 


of sampling inspection together with 
mention of some work by R. A. 
Fisher, Neyman-—-Pearson, Barty, 
and Campbell. Most of the paper is 
devoted to some of the fundamen- 
tals underlying the Dodge—Romig 
method of sampling inspection, in- 
cluding the consumer and producer 
risks, the average outgoing quality, 
the average outgoing quality limit, 
the operating characteristic curve 
and types of sampling plans. 


In the second article “Wartime 
Developments in Acceptance Sam- 
pling by Attributes” by E. G. Olds 


4) 








the author discusses the Dodge 

Romig Tables, Simon’s Grand Lot 
Plan, the Army Ordnance Sampling 
Plans, Sequential Sampling for At- 
tributes, the OPRD Quality Control 
Program, sampling for quality con- 
trol by the Quartermaster Corps, 
the Navy Manual, plans for use on 
continuous processes and other con- 
tributions to this field. He presents 
a brief probability basis for each of 
the above and explains in some de- 
tail how each is employed. This is a 
very instructive article which pre- 
sents in one place explanations about 
all available sampling plans that 
were in use at that time. An excel- 
lent bibliography pertaining to qual- 
ity control and sampling plans is 
appended at the end of this paper. 


The third article “Lot Quality 
Measured by Average or Variabil- 
ity” by J. H. Curtiss presents the 
fundamentals underlying the infer- 
ential type of acceptance sampling 
plans. After describing the hypothe- 
ses usually made about the unknown 
distribution of the variable under 
consideration the author defines and 
discusses the power of a test of a 
statistical hypothesis which is clearly 
illustrated by an example pertaining 
to volumes of cylinders. Explana- 
tions are given for setting up sam- 
pling plans under the assumptions of 
normal and non-normal distribu- 
tions of the variables. These sam- 
pling plans involve formulas which 
are derived for calculating the num- 
ber in the sample and the region of 
rejection from certain consumer and 
producer risks. 

The last paper “Lot Quality Meas- 
ured by Proportion Defective” by 
W. Allen Wallis shows how to set 
up sampling plans by using measure- 
ments and percentages of defectives 
in the lots presented. This is'accom- 
plished by the variable z x + ks, 
where x is the mean of a sample of 
nm measurements and s is the best 
estimate of the standard deviation of 
the universe from which the sample 
came. Values of k and n are ob- 
tained so that if the fraction defec- 


ive is p, the producer’s risk will not 
exceed a and if the fraction defective 
is py the consumer’s risk will not 
exceed §. The equation of the oper- 
ating characteristic curve is given 
together with means for estimating 
the process average. The author 
shows how to determine whether or 
not lots should be accepted, after 
which he indicates methods for ex- 
tending the above to sequential 
sampling. A comparison is made 
pertaining to the saving in inspec- 
tion when variables are employed 
and when attributes are employed. 


The lively discussions which fol- 
lowed the presentation of each pair 
of papers are reported in detail 
along with the Chairman’s Closure 


by John W. Tukey. 


TABLES OF THE BINOMIAL 
PROBABILITY DISTRIBUTION 


Statistical Engineering Laboratory of 
the National Bureau of Standards. 
387 + x pp. Superintendent of Docu- 
ments, U. S. Government Printing 
Office, Washington 25, D. C., 1950. 
$2.50 (Buckram). Review by A. C. 
Cohen, Jr., Associate Professor, De- 
partment of Mathematics, The Uni- 
versity of Georgia, Athens, Georgia. 


The binomial probability distribu- 
tion is of fundamental importance in 
the field of quality control, and the 
present volume will certainly be 
useful to the practicing quality con- 
trol engineer. This book, bound in 
heavy buckram, is a reproduction 
from mimeographed tables originally 
prepared during World War II by the 
Department of the Army for a some- 
what limited distribution. A fore- 
word by Churchill Eisenhart is in- 
cluded. 

Table 1 consists of “Individual 


Terms 
n r m-r 99 
63 eg ake’ 


and Table 2 consists of “Partial 
Sums 





In both of these tables p ranges 
from .01 to .50 at intervals of .01 and 
n from 2 to 49 at unit intervals. Ip 
Table 1, r ranges from 0 to n—] at 
unit intervals while in Table 2 ; 
ranges from 1 to n, also at unit in- 
tervals. Entries in both tables are 
given to seven decimal places Al- 
though these tables are more exten- 
sive than any previously published. 
a still more extensive, but as yet un- 
published table (to n = 150) of cum- 
ulative sums computed at the Ballis- 
tic Research Laboratory, Aberdeen. 
Maryland, is referred to in the intro- 
duction. Ten other tables are also 
cited as references. 


Table 2 was prepared from Karl 
Pearson’s “Tables of the Incomplete 
Beta-Function” with the aid of the 
identity 


y n . n-s 
=(") pa I, (r,n—r +I), 


sr 


and individual terms of Table 1 
were obtained by differencing the 


partial cumulative sums of Table 2 


AN INTRODUCTION TO 
STATISTICAL QUALITY 
CONTROL 


Bureau of Ordnance of the Depart- 
ment of the Navy. 21 p. Superin- 
tendent of Documents, U. S. Govern- 
ment Printing Office, Washington 25, 
D. C., 1950. 15 cents (paper). Review 
by A. C. Cohen, Jr., Associate Pro- 
fessor, Department of Mathematics 
The University of Georgia, Athens 


Georgia 


This twenty-one page brochure 
introduces the fundamental prin- 
ciples of statistical qual'ty control ir 
language that is readily understood 
by executives, production men, in 
spectors, engineers, and statisticians 
Numerous well chosen photographs 
and charts effectively illustrate the 
concise, carefully worded explana- 
tions. Variation, frequency distribu- 
tions, the normal curve, chance 
causes, prediction, samples, popula- 














ACCEPTANCE SAMPLING 


A SYMPOSIUM BY: Paul Peach, E. G. Olds, J. H. Curtiss, W. A. Wallis and J. W. Tukey. 
Unique, authoritative discussion of acceptance sampling. 


Order direct from THE AMERICAN STATISTICAL ASSOCIATION 
1108 Sixteenth Street, N.W., Washington 6, D.C. ..... 
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executives and other coworkers 
whose cooperation is essential for the 
effective functioning of a successful 
quality control program. 





it desirable to secure several copies 
of this publication for distribution 
among personnel of their own de- 
partments as well as among the plant 


‘Ditteseiial 


JOSEPH MOVSHIN, Editor 
Assisted by the Editorial Committee, St. Louis Section, ASQC 


ind control charts are among 
the ‘pics discussed. 

It s suggested that heads of Qual- 
ntrol Departments might find 



















ANALYSIS OF VARIANCE Ce mations coneeiiins. he (The Tool Engineer, v. XXV, 
»c. 1950, p. 28 

STATISTICAL QUALITY CON- Bibliography Department, send gh Pe ry Pun e dis- 

TROL AT WORK IN A COT- correspondence, suggestions, ima Pe ate The ISA 

TON MILL; E. S. Rudnick, and contributions to: Mr. Jo- aii al ‘fees in eel 

Director of Research, Wamsutta seph Movshin, 9220 Old Bon- Part = Seem tie problems 

Mills, New Bedford, Mass. homme Road, St. Louis 24, Mo. of application of the ISA system 

(Textile Research Journal, v. 20, as well as general problems re- 

n. 10, Oct. 1950, p. 727) lated to the selection of toler- 
ances. 

























Statistical methods are used 
for the problem of the safety 
factor to use in the design of 
chemical process equipment. 
The normal curve, effects of the 
combinations of estimates of un- 
certainty (standard deviations), 
and arithmetic probability paper 
are specifically applied to the 
problem. 





In the establishment of a 
quality control system, a knowl- 
edge of the major sources of 
variation and what characteris- 
tics to control is of prime impor- 
tance. The obtaining of such 
information is discussed in this 
article. A detailed, easily fol- 
lowed description of the appli- 
cation of analysis of variance to 
this question is given. 


APPLICATION—AUTOMOTIVE 
INDUSTRY 





APPLICATION— 
MISCELLANEOUS 






WORK MEASUREMENT RE- 
SEARCH; D. J. Desmond. 
(Engineering, v. 170, n. 4421, 
Oct. 20, 1950, p. 310) 










This paper explains the value 
of a statistical analysis in the 
interpretation of a time study. 
Any number of time studies may 
be combined and the inconsist- 


APPLICATION—FOOD 
INDUSTRY 


SOME APPLICATION OF STA- 
TISTICS TO LABORATORY 










AUTOMATIC DEVICES RE- 


DUCE INSPECTION COSTS; 
Joseph Geschelin. 

(Automotive Industries, v. 103, 
n. 9, Nov. 1, 1950, p. 32) 


The Ford Motor Co. has ex- 
tended statistical quality control 
procedures to over 91% of man- 
ufacturing and assembly de- 
partments. To relieve inspector 
fatigue, etc., as well as to im- 
prove the quality of inspection 
operations, inspection devices of 
all sorts are being employed 
This article discusses several of 
the automatic gaging and sorting 


TASTE TESTING; S. Harrison 
& L. W. Elder, General Foods 
Corp., Hoboken, New Jersey. 
(Food Technology, v. IV, n. 22, 
Nov. 1950, p. 434) 


The application of statistics to 
food “Taste Testing” is described. 
The selection of a test panel and 
the scoring of samples and sub- 
sequent correlation analysis be- 
tween scores is discussed. Note 
is made of the possibility of 
using sequential methods and 
probability paper for a particu- 
lar test criterion. 


ency of any study obtained 


QUALITY CONTROL IN TUBE 


AND COMPONENT OR AC- 
CESSORY MANUFACTURE; 
E. M. Jeffery. 

(T. V. Engineering, v. 1, n. 11, 
Nov. 1950, p. 40) 


Highlights of two papers pre- 
sented at the IRE-RTMA Fall 
Meeting at Syracuse, N. Y. The 
papers were: (1) Control of Av- 
erages in Tube Manufacture by 
A. K. Wright, Chief Engineer of 
Tung-Sol Lamp Works. (2) 
Quality Control Indicators by 


APPLICATION—METAL 
WORKING 


ACCURACY IN MACHINING— 
ITS STANDARDIZATION AND 
COST; Tom H. Vogel, Kearney 


C. J. Falk of G.E. Co 





devices used. 


APPLICATION—CHEMICAL 
INDUSTRY 


SIZING PROCESS EQUIPMENT 







CORRELATION 


GRAPHICAL ESTIMATION OF 
INSPECTION ERRORS; F. 







BY STATISTICAL METHODS; 
Page S. Buckley, Dupont Co., 
Orange, Texas. 

(Chemical Engineering, v. 57, n. 
9, Sept. 1950, p. 112) 


& Trecker Corporation. 

Part I 

(The Tool Engineer, v. XXV, 
n. 5, Nov. 1950, p. 17) 

Part II 


Levi. 
(Engineer, v. 190, n. 4928, July 
7, 1950, p. 5) 

A fairly technical review of 


statistical methods applicable to 
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inspection problems. Errors of 
measurements and the effects 
of acceptance of faulty, and re- 
jection of good, articles are 
estimated. Similar errors of ac- 
cepting bad and rejecting good 
where a correlation test is in- 
volved are also discussed along 
with a fairly detailed presenta- 
tion of correlation. 


MANAGEMENT AND 
PERSONNEL 


SELLING QUALITY IMPROVE- 
MENT TO EMPLOYEES; C. S. 
Gotwals, Quality Manager, SKF 
Industries 

(Advanced Management, v. XV, 
n. 9, Sept. 1950, p. 11) 


A description of a 6 month 
campaign to make the employees 
quality conscious, used in con- 
junction with statistical quality 
control methods. Program in- 
cluded a slogan contest, posters, 
articles in the company maga- 
zine, a special edition of the 
magazine, and a monthly con- 
test between departments on 
quality records as indicated by 
percentage of rejects and re- 
work 


HOW TO MOVE FAST ON 


ACCIDENTS BY USING A 
QUALITY CONTROL TECH- 
NIQUE THAT WARNS OF 
TROUBLE BEFORE IT’S TOO 
LATE; Martin H. Saltz, Safety 
Engineer, Emerson Radio & 
Phonograph Corporation, New 
York. 

(Factory Management & Main- 
tenance, v. 108, n. 12, Dec. 1950, 
p. 86) 


A “defects per unit” or c chart 
is used to indicate approaching 
trends or changes in industrial 
accidents as a means of “acci- 
dent control.” 


HERE'S YOUR ROAD MAP TO 


BETTER QUALITY; Joseph 
Manuele, Westinghouse Electric 
Corp 
(Factory Management & Main- 
tenance, v. 108, n. 9, Sept. 1950, 
p. 74) 


In this article Mr. Manuele 
presents Quality Control as a 
guide to production quality and 
the control thereof, with refer- 
ence to employee attitude, fore- 
man participation, etc. 








QUALITY CONTROL STAND- 


ARDS WOULD REDUCE RE- 
JECT TOLL 
(Steel, v. 127, n. 24, Dec. 11, 
1950, p. 106) 


This is a report of an address 
given by Mr. Howard Coonley, 
of the executive committee of 
the American Standards Asso- 
ciation, at the American Society 
of Mechanical Engineers’ annual 
meeting in New York. Mr. Coon- 
ley called for greater standard- 
ization in industry and urged 
management to take a direct and 
active interest in quality control. 


WAGE INCENTIVE CAN IM- 


PROVE QUALITY 
(Management Review, v. 34, n. 
2, Feb. 1950, p. 76) 


This is a review of an article 
written by Joseph C. Miccio, in 
the NACA Bulletin, July, 1949. 

Mr. Miccio points out that 
poor quality is not necessarily 
present with production incen- 
tive systems. Numerous prob- 
lems connected with the qual- 
ity of output are noted. 

These include: 

1) Materials not to specifica- 

tions 

2) Tooling factors 

3) Inspection (amount and 

incentive) 

4) Quality standards 

5) Quality Control records 


SEVEN KEYS TO QUALITY 


CONTROL; Nelson G. Meagley, 
Manager of Statistical Quality 
Control, Willys-Overland Mo- 
tors. 

(Production Engineering & 

Management, v. XXVI, n. 6, 

Dec. 1950, p. 81) 

The author discusses seven 
points believed to be necessary 
to the application of quality 
control. 

These are: 

1) Understanding the basic 
process and inspection re- 
quirements. 

2) Use of statistical tech- 
niques. 

3) Simplification of system for 
shop understanding. 

4) “Go slow” 

5) “Keep going” 

6) All contributing to quality 
must understand the prin- 
ciples of quality control 
related to their functions. 

7) Follow assignable causes. 








MISCELLANEOUS 
PROBABILITY; Warren Weaver. 


Director for the Natural Sei- 
ences in the Rockefeller Foun- 
dation. 

(Scientific American, v. 183, n 
4, Oct. 1950, p. 44) 


Mr. Weaver discusses in some 
detail the fundamental concepts 
of probability in an interesting 
and not too technical way. Con- 
cepts such as “mathematical 
probability”, “statistical prob- 
ability”, the “law of large num- 
bers” as well as the meaning of 
probability itself are discussed 
and illustrated with familiar 
games of chance. The impor- 
tance of probability to science 
as well as in human activities 
is also discussed. 


SAMPLING PLANS & RELATED 
TOPICS 


SAMPLE AT RANDOM FOR 


CORRECT STATISTICAL 
CONTROL: Dorian Shainin 
Chief Inspector, Hamilton 
Standard Division, Unit: | Air- 
craft Corp. 

(The Iron Age, v. 166, n. 15, Oct 
1950, p. 172) 


Many production executives 
now concede that certain statis- 
tical quality control methods aré 
often more accurate than 100 
percent inspection. But in a 
great many cases bad technique 
is used and the results are worse 
than nothing. Proper sampling 
is a must in destructive testing 
work. The Lot Plot method of 
sampling inspection is discussed 
briefly and illustrated with ta- 
bles and charts. 


THEORY AND APPLICATION— 
GENERAL 


GRAPHICAL APPROACH TO 


STATISTICS; C. J. Velz, Chair- 
man, Dept. of Public Health 
Statistics, School of Public 
Health, University of Michigan 
Part I—The Nature of Variabil- 
ity of Data. 

(Water & Sewage Works, v. 97 
n. 5, May 1950, p. 195) 


Variation, probability, and the 
normal curve are described and 
explained. An ‘Integration 
Graph for Normal Probability 


Curve” is given. 
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t II—Normal Probability Pa- 






Vater & Sewage Works, v. 97, 
8, Aug. 1950, p. 309) 


[he uses of normal probabil- 

paper are demonstrated. A 
art for the graphical solution 
probability problems with 
obability paper is given. 







Part I1I—Use of Skewed Prob- 

bility Paper. 

Water & Sewage Works, v. 97, 
10, Oct. 1950, p. 393) 







Use of Extreme Value Prob- 
ability Graph Paper to study 
minimum or maximum values. 







STATISTICAL METHODS FOR 
EVALUATING THE QUALITY 
OF CERTAIN WROUGHT 
STEEL PRODUCTS; Edwin G. 
Olds, Professor of Mathematics 
and Cyril Wells, Metals Re- 
search Laboratory, Carnegie In- 
stitute of Technology. 
(Transactions, American Society 
for Metal, v. 42, 1950, p. 845) 























The principles and application 
of many quality control and 
statistical techniques are briefly 
but thoroughly described. Some 
fundamental mathematical and 
background given 
illustrations of 


statistical 
along with the 
such tools as: 










Fundamental statistics of a 
distribution 

Tests of significance 

Regression and correlation 

Analysis of variance 

Control charts 

Lot by lot quality assurance 

Sequential analysis 


STATISTICS 





CONTROLLED SELECTION—A 
TECHNIQUE IN PROBABIL- 
ITY SAMPLING; R. Goodman 
& L. Kish 
(American 
tion, Journal, 
p. 350) 







Associa- 
1950, 


Statistical 
v. 45, Sept. 









COMPLETENESS IN THE SE- 
QUENTIAL CASE; E. L. Leh- 
mann & C. Stein. 

(Annals of Mathematical Statis- 
tics, v. 21, Sept. 1950, p. 376) 








ESTIMATING PRECISION OF 
MEASURING INSTRUMENTS: 
H. F. Smith. 
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Why? 
dough. For a first class product, she n 


injection molding of plastics. Where 
controlled, you’re bound to have r 
































MUS 


31 E. GEORGIA STREET @ 


F. W. Jennison, Suite 
18, N. Y. 


Pacific Scientific Co., 
Angeles 23, Calif. 


REPRESENTATIVES: 


St. West, Toronto 





oven with even, controlled temperature. Same thing applies to 


internal strains, and varia 


i , - 
| tions in dimensional meas- 
urements of the finished 
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. because the bottom would 
be fried, while the top remains a mass (or mess) of uncooked 


eeds to bake her cake in an 


mold temperatures are un- 
esulting defects in finish, 


plastic product. 
THERMOLATOR  effec- 
tively controls mold tem- 
peratures within limits of 
2° F. (Where adequate 
water lines are engi- 
neered in the mold, a 
limit of 42° F. has been 
achieved.) If uneven 
quality is being pro- 
vided in plastic prod- 
ucts you are buying, 
ask your supplier if 
he uses THERMOL- 
ATOR CONTROL 
on his presses. 


Your Inquiries Are 
Invited. Write to... 











ACTURING CORP. 


INDIANA 






603, 570 7th Ave., New York 


1430 Grande Vista Ave., Los 











(American Statistical Associa- 
tion, Journal, v. 45, Sept. 1950, 
p. 447) 


UNBIASED ESTIMATES WITH 
MINIMUM VARIANCE; C 
Stein. 

(Annals of Mathematical Statis- 


tics, v. 21, Sept. 1950, p. 406) 





SEQUENTIAL 





ANALYSIS WITH 
MORE THAN TWO ALTER- 
NATIVE HYPOTHESES, AND 
ITS RELATION TO DISCRIM- 
INANT FUNCTION ANALY- 
SIS; P. Armitage. 


(Royal Statistical Society, Jour- 
nal, v. 12, n. 1, 1950, p. 137) 
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IMPORTANT NOTICE 

Word just received as this 
issue was going to press speci- 
fies that the name of Charles 
Hudson, Norton Company, 
Worcester, Mass., submitted 
by the Nominating Committee 
in the January issue for the 
office of Executive Secretary 
of ASQC, must be withdrawn. 
Manpower shortage in connec- 
tion with the current defense 
program makes it necessary for 
Mr. Hudson to remain at his 
post with the Norton Company 
on a full-time basis. He has 
therefore asked that his can- 
didacy for the office of Execu- 
tive Secretary be withdrawn, 
and this request has been re- 
gretfully honored. 

The Nominating Committee 
is meeting to consider a re- 
placement for Mr. Hudson, but 
the recommendation of this 
Committee will have to be pub- 
lished in the April News Sup- 
plement as it will not be avail- 
able in time for the March is- 
sue of IQC. 











HOLD-OVER FROM JANUARY 
ASQC NEWS 

The following incident occurred 
in connection with the meeting of 
the Executive Committee in New 
York City, October 28-29, 1950. 

After working all Saturday morn- 
ing, the Executive Committee ad- 
journed for lunch and repaired to 
Stouffer’s. The hostess was quite ac- 
commodating and arranged tables 
suitably to seat the group of twelve 
but was quite non-plussed at a group 
consisting of eleven men and only 
one lady (Miss Besse B. Day, Mid- 
dle Atlantic Region). 

The Committee re-convened and 
worked until about seven o'clock 
and again repaired to Stouffer's for 
dinner. (Monotonous!) The hostess 
was asked if she could arrange for a 
group of tweve, and again, with some 
confusion, it was accomplished and 
all were seated. The hostess ex- 
pressed amazement and remarked 
“One lady with eleven men! How 
unusual! That’s the second time that 
has happened today!” 

Life is not all hard work and no 


' 
fun . 
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MEMBERSHIP REPORT 
(As of December 31, 1950) 


Membership at the end of 1950 
reached 3,505. Renewals were 77% 
of last year’s total. With 808 new 
members we have been able to offset 
the loss of old members. Losses 
were highest in the Member Grade. 
At the present rate of growth a 
membership of 4,500 is possible by 
the end of this fiscal year. Sectional 
planning and teamwork are essen- 
tial to the successful growth of the 
Society. 


Is your Membership Committee 
active? What can be done to reduce 
membership losses at the end of each 
year? If you have suggestions, con- 
tact your Membership Committee 
Chairman. The job this year is half 
done. The goal is 5,000 members. 
Regional chairmen have been asked 
to contact each section and establish 
section bogeys. We are off to a good 
start; let’s finish the job. 

Robert S. Inglis, Chairman 
Membership Committee 


MARCH COVER PICTURE 
Credit for the idea embodied in 
the cover picture on this issue is due 
to R. E. Wagonhals, hard-working 
Chairman of the Exhibits Committee 
for the Fifth Annual ASQC Conven- 


tion. 


NOTICE 
SECTION SECRETARIES 


A new printing has been made of 
both the General Information Folder 
and Membership application blank. 
These are now available upon re- 
quest from the Executive Secretary. 
All Sections which have not already 
done so are urged to obtain a supply 
of these two new forms and use only 
these from now on. 


To comply with Postal Regulations 
covering Second Class Mailing Per- 
mit now in force for IQC, it is impor- 
tant that all old forms be destroyed 
at once. 
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CONSULTING SERVICES 


Responsibility of the American Society fog 
Quality Control, Inc., for Consulting Services 
advertising is limited to certification that ad. 
vertisers hold the grade of membership in the 
Society stated in their advertisements. Qual. 
ification requirements for the several grades 
of membership are set forth in the Constity. 
tion of the Society. 
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RALPH E. WAREHAM 
Fellow, ASQC 


Telephone 
Chappaqua 1-0715 
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POSITION WANTED 
ENGINEER, BS, desires position of re- 
sponsibility in quality control work. 
Has background of theory and practical 
experience in physical metallurgy and 
statistics. Has research experience. 
Present responsibility at project engi- 
neer level. Age 28. Family. Member 
ASQC. Write to: 7TE1 American Society 
for Quality Control, 22 East 40th Street, 
New York 16, N. Y. 


POSITIONS AVAILABLE 


WANTED BY PITTSBURGH DIS- 
TRICT MANUFACTURER—One well- 
qualified Quality Control Engineer to 
be Assistant Manager of Quality Con- 
trol Dept. Must have supervisory ex- 
perience in inspection and control work. 
Prefer chemical or machine shop back- 
ground. Remuneration commensurate 
with responsibilities. 

One Mathematical Statistician versed in 
Quality Control techniques. Must be 
able to proceed with minimum direct 
supervision. 

Give draft status, work experience, 
education, starting salary expected and 
availability. Address all repiies to 7K! 
American Society for Quality Control, 
22 East 40th Street, New York 16, N. Y 





STATISTICIAN—We are seeking 4 
well-trained young man with sound 
statistical training and practical ex- 
perience in consumer research and 
market analysis. Associated training in 
chemistry, physics, or biology will pro- 
vide most desirable background. Write 
to 7K2, American Society for Quality 
Control, 22 East 40th Street, New York 
16, N.Y. 


INDUSTRIAL QUALITY CONTROL 








